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Introduction 

The Institute of Oceanographic Sciences' long-range side- 
scan sonar 'Gloria' was operated over almost 20,000 km of 
ship track during the recent 56-day cruise 1 10 of R.R.S, Dis- 
covery in the eastern Pacific Ocean. The cruise took place 
between April and June 1980 and ran between Balboa (Pan- 
ama), the East Pacific Rise, and Callao (Peru). The main ob- 
jectives were geophysical studies of fast- and medium- 
spreading midocean ridges (Including the Galapagos Triple 
Junction) and fracture zones, and the Peru Trench. This is 
the first time that this unique sonar has been used in the Pa- 
cific or on a fast-spreading midocean ridge. 

Gloria provides very rapid physiographic surveys of large 
areas of the seafloor. As a result we obtained a wealth of new 
data and some very impressive views of the seafloor (see 
cover photograph). 

This article briefly describes the cruise and presents some 
of our preliminary findings. We hope it will give a wide section 
of the scientific community a taste of the kind of data we ob- 
tain wilh Gloria, rapidly disseminate some of the new obser- 
vations that we believe to be the most exciting, and bring to 
the awareness of others working in this area the existence of 
a new and unique data set. 

Instrumentation and Data 

The Gloria system has been described by Somers et al. 
[1976]. It Is a towed, two-sided side-scan sonar that operates 
at 6.5-kHz acoustic frequency, with a maximum range of 30 
km. It thus covers a swath of seafloor up to 60 km wide. In 
practice the range is limited by refraction of sound away from 
the seabed. The effect varies with the properties (mainly tem- 
perature) of the sea, and in the Pacific we were usually limit- 
ed to ranges of about 20 km to either side of the track. Range 
resolution Is about 50 m. The beam Is about 2° wide in the 
fore-and-aft direction, so alongtrack resolution Is about 1 km 
at maximum range, and improves at shorter ranges. 

Gloria data are displayed In real-time on a dry-paper re- 
corder and recorded on analog tape. The tapes are routinely 
replayed through a facsimile recorder, and prints from this 
are anamorphosed to produce a final record In which the 
slant range and alongtrack scales are equal. At present we 
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display only slant range, not horizontal range, on a linear 
seals. This anamorphosed record la stored on 35-mm film 
negatives, from which prints, at any desired scale, can be 
made. For Discovery 110, all the records were mounted In 
their correct positions and orientations on charts at scales of 
4 Inches and 1 6 Inches per degree of longitude. 

We also used a second, hull-mounted sonar, which oper- 
ates at 36 kHz. It has higher resolution than Gloria, but a 
more limited range. We were able to side-scan with It In water 
depths up to about 2.5 to 3.0 km, and It gava some In- 
dications of seafloor texture (e.g., outcrop versus sediment 
drape) In greater depths. We often operated it with one beam 
turned vertically down so that it behaved as an echo sounder 
with a broad beam alhwartshlps but narrow beam In Ihe fore- 
and-aft direction. This gives a very useful improvement over 
standard broad-beam echo sounders. 

In addition to the sonars, the ship carried a suite of stan- 
dard geophysical equipment comprising 10-kHz echo soun- 
der, 2-kHz sub-bottom profiler (similar to a 3.5-kHz profiler), 
air guns, a single-channel seismic reflection profiler, proton 
magnetometer, and Lacoste & Romberg gravimeter. Satellite 
navigation was used throughout tha cruise. 

Ship’s Route 

Figure 1 shows the track followed by the ship, together with 
areas ot detailed surveys. We crossed the following features 
during the course of the cruise; Panama continental margin, 
Panama Trench, Coiba Ridge and fracture zone, Cocos 
Ridge, Cocos-Nazca spreading center (95°W-102 4 W and 
B5°W-86°W), Galapagos Triple Junction, East Pacific Rise 
axis (2.5 o N-4.0 o S), Quebrada and Gofar fracture zones, 
Mendafla fracture zone (B0’W-B3°W). Peru Trench (10°S- 
14°S), Galapagos Rise, Bauer Scarp (9.5°S), and IPOD Leg 
69 sites (Costa Rica Rift). 

We collected Gloria and other geophysical data from all 
these features, and over most ol the passage tracks In be- 
tween. 
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Fig. 1 . Track chart ol R.R. S. Discovery, crulBa 1 10. Heavy 
tinea— areas covered by Gloria side-scan sonar and other geophysi- 
cal measurements; fight llnes—track with conventional geophysical 
measurements but without Gloria', broken Unas— passage track with 
no geophysical measurements. Lettered boxes Indicate areas of de- 
tailed surveys described In the text. 


Study Areas 

Below, we give brief descriptions of our prsllminary find- 
ings and future plans for working up the data. Initials Indicate 
the principal investigator In each case. 

East Pacific Rise 

A detailed survey In a 1° square was made on tha rise axis 
near 3.5°S (A, Figure 1). The survey area Includes the site of 
Lonsdale’s (1 977) Desptow survey. Ship’s track was orlenled 
north-south, and track lines were spaced about 20 km apart, 
giving almost completely overlapping sonar cover with both 
east- and west-ranging sound beams. We also obtained an 
east-west narrow-beam echo-sounder profile to complement 
the Deeptow profile. 

Preliminary results Indicate that the tectonic pattern here is 
remarkably similar to that [Laughton and Searle, 1 979] at 
slow-spreading ridges. Fault scarps predominantly lace to- 
ward the spreading axis, have lengths of around 10 km, and 
are spaced about 2 km apart along flow lines. 

Planned work on these data (R. C. S.) will (1) check In 
detail the apparent similarity with slow-spreading ridge fault 
patterns, (2) Investigate the development ol the fault pattern 
near the axis, and (3) make a detailed comparison with the 
Deeptow data. 

CoCos-Nazca Spreading Center 

A small survey was made of-the 'propagating rift,' which 
Hev et al. [1 980] have proposed exists near 95°W on the . 
Cocos-Nazca spreading center (B, Figure 1). Gloria clearly 
showed a wedge-shaped section of new seafloor which ap- 
pears to have been emplaced as the rift was propagating 
westward Into older crust while the offset rift was dying back, 
The area ol offset between the propagating and dying rifts Is 
marked bv Obllbue tBCtonic structures which we do not yet : 
fullv understand. A detailed .new bathymetric chart of the area 
has been produced, and this, 

scription, Is now being prepared for publlratjon (R..C, S.. and 
R N. Hey, Hawaii Institute of Geophysics). A second propa- 
gating rift riiay have been .observed on the same spreading, . 

flX Ancrihe?8mall survey Of this medium-spreading plate ^ . 

boundary was made over the Galapagos spreading center at 
Veu; ..j 1 1 ia/o ninri m. c. s.t to compare the Gloria 
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veys of Alfmendinger and RIIs [1 979) and the photographic 
surveys of Van Andel and Ballard [ 1 979], 

We find the medium-spreading Cocos-Nazca spreading 
center Is characterized by the same tectonic pattern— 2-km- 
spaced. Inward-facing, normal fault scarps— as the fast- and 
slow-spreading ridges we have studied. 

Galapagos Triple Junction [ D, Figure 2) 

This was the longest detailed survey carried out on the 
cruise. It lasted 3 days. An orthogonal grid of tracks with 20- 
km spacing was designed to allow Gloria to Insonify each 
spreading center from opposing directions, with tracks paral- 
lel to the spreading centers. The triple Junction itself was 
viewed from all four directions (N, E, S, and W). Valuable 
records were also obtained with the hull-mounted sonar. 

The tectonic pattern around the triple Junction Is rather 
complex, and careful study of all the data will be needed to 
elucidate It properly. However, at this stage we are confident 
of being able to recognize the positions ol the main active 
spreading centers and of the boundaries between crust 
spread from different ridge axes. Analysis of these data will 
be carried out by R. C. S. and P. Lonsdale, Scripps Institution 
of Oceanography. 

Quebrada-Gofar fracture zone area (TJ.G.F.) 

Before the cruise, major fracture zones had been mapped 
at 3.5°S (Quebrada) and 5°S (Gofar). The proclse nature and 
position of the plate boundary between them was unclear. 

In this area (E, Figure 1 ) we ran several linos parallol to the 
Gofar and Quebrada fracture zones, four tracks oriented 
northeast-southwest to give full Gloria coverage of the area 
between the fracture zones, and a series of north-south ori- 
ented tracks (normal to the fracture zones) to obtain narrow- 
beam echo-sounder profiles across them through the use of 
the hull-mounted sonar. 

It was discovered that another fracture zone exists be- 
tween Quebrada and Gofar at 4°S. Following the convention 
for naming fracture zones in this area after Ihe expeditions 
mapping them, we propose to call this Ihe Discovery fracture 
zone. 

We are now able to map out the precise position of the 
plate boundary between 3°S and 6*S. It consists of several 
short spreading sections offset by the fracture zones. Each of 
the three major fracture zones in this area contains up to four 
closely spaced parallel scarps within a zone some 30 km 
wide. We believe that in at least some of ihe fracture zones 
several transform launs are simultaneously active and that 
we can delect short spreading centers between some of 
these transforms. 

In addition to our underway geophysical measurements, 
several ocean-bottom seismographs were laid in the Gofar 
fracture zone to study local seismicity. 

Peru Trench (T. W. C. H.) 

Nearly 3 days were spent surveying the Peru Trench be- 
tween 10°S and 13.5°S(F, Figure 1). Previous studies of 
trenches have shown that graben form on Ihe seafloor as the 
subducting plate bends downward (Jones et et. , 1 978; 
Schwellerand Kuim. 1978J. We wished to examine how 
these graben interact with the overriding plate and what influ- 
ence they might have on the subductlon or accretion of 
trench sediments. It Is thought that such graben may provide 
a means of carrying sediment down with the subducting 
plate, provided the volume of aedfments does not exceed 
lhat of the graben [Hilde and Sharman, 1 978]. 

The graben were clearly defined in the Gloria sonographs, 
Borne extending nearly 100 km (Figure 2). They strike sub- 
parallel to the trench, and In roughly the same dFrection as 
the fault structures of the oceanic plate that were produced 
by spreading processes at the East Pacific Rise. However, 
they could be distinguished from ihe spreading fault struc- 
tures by greater vertical displacement and horizontal separa- 
tion, and a slightly different strike. Also, the spreading-pro- 
duced fault blocks are predominantly tilled In one direction 
(faults dipping toward the midocean ridge axis), while these 
faults near the trench clearly dip both ways, forming graben. 

Along most of the trench surveyed, the volume of sediment 
is greater than the volume of the graben, and the toe ol the 
overriding plate is composed ol folded, accreted sediment. 

The Gloria sonographs provided definitive evidence for the 
origin of the chaotic sedimentary structures commonly ob- 
served in trench axes at Ihe base of the shoreward slope. 
Although lacking observable internal, coherent seismic re- 
flection patterns, these structures are In this case, and prob- 
ably many others, folded and faulted oceanic and trench do- 
posits, and not slumps. Sonographs recorded during courses 
run subparallel to the trench, both seaward and shoreward of 
the axis, reveal lhat these features extend uninterrupted for 
tens of miles along the base of the shoreward trench wall. 

Other features mapped Include en echelon trench axle 
segments, apparently controlled by the graben fault structure 
of the subducting plate; extensive, long troughs and ridges 
on the middepth shoreward slope which strike roughly paral- 
lel to the trench; complex and possibly obducted structures in 
the shoreward slope where the Mend aria fracture zone Inter- 
sects the trench; and an amazing paudty of canyons In the 
shoreward slope. 

Panama Trench and Continental Margin (T. .IV; C. H. j : 

Our outward and return crossings of the Panama french , . 
(G, Figure 1) showed extensive. folded sedimentary atruc- ' 
tures shoreward of the flat-jyfrig sequence in the trench prop- 
er. These, folded sediments could be seen from the sono-. 
graphs to. extend for about 100 km and to become more 
closely spaced as (hey curved to the northwestj suggesting ;; 
lhat convergence has been from a westerly. direction. High-,, 
resolution reflection profiles showed that the most recent 
trench sediments were being folded at the shoreward side, . 
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Fla. 2. Sonograph of part o( tho Peru Trench. Ship's track Is along iho lop of the figure, and Ihus Ihe direction of insoniflcallon Is 
downward. North fs to tho tail. The sonograph covers 30 km from top to bottom. The 9trong reflector near the lop of the figure la the profile 
ol tho seabed Immediately beneath the ship. Viewed thus, the sonograph appears toglve an oblique view of Ihe seafloor, with the eubahlp 
profile as Iho horizon and tho view from Ihe Pndlic toward South America. The mottled area In Ihe upper left contains folded sediments of 
the lower Inner elope. Tho tlneations In Iho lower hall ol tho record are lautl scarps produced by normal faulting In tho seaward plate as tt 
bonds over. Tho undorm gray aroa at center Is Iho flal, (urbfdi to-covered lloor of the trench. 


which Indicates active convorgonco. The distribution of tho 
folds indicates n small component of northern as well as 
eastward convergence for tho oceanic plate. Northeastward 
dipping oceanic basement was observed In ihe air gun reflec- 
tion profiles at more than 3.5 s beneath Ihe folded sedimen- 
tary structures on (he shoreward side of the Panama Trench. 
A large gravity fow confirmed the presence of thick sediments 
In this structure. North ol the trench, a ridge end associated 
linear structures striking about 080° wore observed near 
V 10‘N, from 78' 40'Wto 80 9 15' W. Wo think these struc- 
tures may mark lire site ot a transform fault associated with 


turn became extinct at 6.5 Ma b.p. when spreading passed to 
the present East Pacific Rise. Our data confirm a spreading 
axis trend of 34 1° In the eastern Nazca plate, as expected tor 
crust formed at the Mendoza Rise. These (rends extend at 
least as tar as 92.5®W at 9°5 (we have no data west of there 
at that latitude). At 11.5°S these trends extend as far west as 
86°W. Between there and 91.5°W the tectonic trends change 
from NNW lo NNE several times, but the new (Galapagos 
Rise) direction of 017° to 023° becomes firmly established by 
91 .7°W and continues to Ihe end of the Gloria run at 97°W. 

An analysis of spreading direction and former plate bound- 
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tho Cnribboan/Nnzca plato boundary. 


Central Volcanos 


Well over 1 00 contra! volcanos were observed during this 
cruise with Gloria. Thoir distribution is patchy; some regions 
contain none; in other regions we saw one or Iwo isolated 
volcanos; and In iwo areas we saw large fields of (hem, with 
densilies of around 10 per square degree. These fields were 
southwest of Iho Galapagos Islands and between Ihe Gala- 
pagos Rise and Peru Trench. The fields are hundreds of ki- 
lometers across and do not have trends that are evident from 
our limited coverage. 

The volcanos have a remarkably uniform morphology. 
They generally have steep (up to 4 5°) outer slopes and al- 
most flat (but slight ly convex) tops. Their basal diameters are 
7- 1 0 km. and their heights usually between 700 lo 1 000 m. 
Some have prominent central craters of about 2-km diame- 
ter. Forms that had a continuous cone up to the summit cra- 
ter were seen (see cover photo), but they were rare. Occa- 
sionally several circular forms overlap, and compfex craters 
coniafning several rings were also seen. The volcanos occur 
on sealloor of ail ages. The youngest we saw had probably 
formed not more lhan a tew kilometers from a spreading axis. 

A detailed study ol the morphology of these volcanos Is in 
preparation (R.C.S.). 


IPOD Leg 69 Sites 


The sites of IPOD holes 501/504 and 505, south of the 
Costa Rica Rill, were covered by small Gloria surveys (H, 
Figure 1). The ship, steaming east or west, passed to the 
north and south of each site at a range of about 10 km (opti- 
mum for Gloria viewing). This pattern was designed toglve 
optimum information on E-W faults outcropping near ihe 
sites, to assist in assessing Ihe degree of hydrothermal con- 
vection occurring in these regions. Results have been pre- 
pared for publication in volume 69 of the Initial Report s of the 
Deep-Sea Drilling Prefect (R. C. S.). 


Tectonic Fabric and Spreading History 


Because of iho relatively young crusl and stow sedimenta- 
tion rale, iho tectonic fabric of the seafloor formed at the 
spreading axis remained visible lo Gloria over the whole of 
our passages across iho Nazca plate, and overmuch of the 
Cocos plate (Flguro3). Occasionally, old translorm fautls 
were soon, giving a direct determination of paleospreadfna 
directions. Moreover, throughout ihe plato the seafloor is 
characterized by linear, parallel ridges that are bounded by 
laulls formed at and parallel lo ihe spreading axis, so one 
can, in general, infer paleospreading directions to have been 
perpendicular lo this observed topographic and tectonic fab- 
ric A bonus is lhai ihoso latter faults, on approaching a trans- 
form. always curve toward the offset ridge segment 
(So ar/e, 1979|, giving additional Information on Ihe 
ancient disposition of the spreading axis. 

MammortckK et at. ( 1980) have recently suggested Iho ex- 
istence of two distinct sets of extinct spreading ridges in the 
southeast Pacific. They believe that prior lo 20 million years 
(Ma) before present the Pacific and FaraUon plates in this 
region were generated at a north wesl-lrendlng spreading 
writer, whose extinct axis Is represented by Uie Mendoza 
Rise (20*8. 90 s W). Between 20 and 18.5 Ma b.p..Mem- 
Merickx et af. 1 1080) postulate a major reorientation of 
plates, which results in theformationof a northeast-trending' ■ 
spreading confer, Ihe Galapagos Rise (H*s, 94 # V/).Th(s in • 


arias of the Panama Basin and Nazca plate Is planned from 
Ihe tectonic fabric observed In the sonographs recorded dur- 
ing the transit portions ol the cruise (T. W. C. H. end R. C. S.). 


Available Data 


We have summarized above the areas of research which 
we are particularly interested in and Intend to pursue. We 
Bxpect the Gloria records especially, but also our other data, 
will be of value to others interested In this region who may be 
working on somewhat different topics. And in addition to their 
Intrinsic scientific Interest, we believe the Gloria data provide 
an invaluable guide to selecting sites for detailed geological 
studies. 

All of our data will eventually (about 3 years time) be pub- 
lished in an IOS ‘Cruise Data Report.' Anyone wishing lo 
view or obtain copies of data from selected areas before that 
should contact one of the authors at IOS. 
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Fjg. 3 Pair (port and starboard) oi sonographs from the flank of 
Iha Easi Pacific Risa at 9°8, t04"W. The northern part ol the area Is 
domlnaled by N-S llneallons, which ere Interpreted as west-dipping 
tauli-scarps formed at and parallel to Uie East Pacific Rise spreading 
center. This llneated fabric Is characteristic of much ol the ocean 
Boor. These scarps terminate against an E-Wllneatlon that fs the 
inacHve trace ol a previously unmapped transform fault. The nortb- 
*"! acaiPf bend westward Just before Ihey reach Ihe transform, 
indicating lhal Ihe transform offset la a dextral one. N-S scarps recur 
south or the transform, but are less dear, perhaps because the sea- 
floor here is older. 
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viamiiy suenuei mine eapnquaKo nwomw i inltnd ■ 

University of Tokyo. From 1 974 lo 1 976 he worked for the 


Nations In Bangkok, Thailand, where he advised sdenllstekorn 
Aslan countries on their marine aeoohvslcal research and coot 


Aslan countries on their marine geophysical research ^ 
nated their participation In the Western Padflo International • 
ol Ocean Exploration (1DOE) program, 'Studies of East AsteJV . . 
Ionics and Resources.' He has been an active member, dunng 


tonics and Resources.’ He has been an active merpber, the 

1970’s, of the International Geodynamics Project artote 
Geodynamlca Prefect Western Pacific Final Report. He has ^ 
on the Ocean Crustai Dynamics Committee of Joint - e „ rt eo - 


uii if iw ucean wusiai uynarcius wjmmmw w 
Institutions, Inc., la chairman of the Commission w Man SJLncsa ■ 
physics of the International Aaeoclallon for the Physical S fon w 
of theOcaan, and Is an associate member of flie Comm»ww 
Marine Geology of the international Unlon.of Geological s _ L ^ 
Hls, present research Included 'high-resolution (sludtea ot V ^ 

tartoa;andthela^ sediment aubductlon an _ . 

nrftHfVI In V " ! 
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Reagan Finalizes Budget Guta 

As expected, President Reagan’s revisions to ihe budget 
request made In January by then-President Carter slash 
r&D funds; most geophysics programs barely keep pace 
wllh Inflation under the plan. Reagan had outlined pro- 
posed cuts in late February [Eos, March 3, p. 90) and on 
March 10 filled In the details and chopped an additional 
$13,8 billion from the total budget. Of the agencies and 
programs Impacting geophysicists, the National Oceanic 
and Atmospheric Administration la probably the hardest hit, 
with a reduction of 24% from Carter’s January proposals. 

Total budget under the Reagan plan is $695.3 billion, 
down from Carter's proposed $739.3 billion {Eos, February 
10, p. 49). Congressional action could alter the budget, 
however. 


□ Reagan Budget 
(March 10. 1981) 


Corier Budget 
kMliuenuery IS. 1B8U 




1982 1983 1984 1986 1986 

Ftftcal Yeeis 

Total outlays, Including Defense. (Source: Office of Management 
and Budget.) 


The Reagan budget request for natural resources and 
environment In fiscal 1962 Is down to $7.9 billion from Car- 
ter's January request of $13.6 billion. Included In this Is the 
axing ol $200 million from NOAA. 

Total budget for the agency was $1.05 billion in Carter's 
request. Reagan pared It by nearly 24% to $848.8 million, 
which la roughly equivalent to the fiscal 1981 appropriation. 
This means the end of Ihe Coastal Zone Management Pro- 
gram, the Energy impact Formula Grant Program, the 
Coastal Energy Impact Program (CEIP), the Sea Grant 
Program, undersea research, NOAA’s LANDSAT plans, 
and the National Oceanic Satellite System (NOSS). in addi- 
tion, NOAA will close 38 part-time weather service offices. 


Reagan sliced $603 million from the January budget pro- 
posal lor Ihe National Aeronautics and Space Administra- 
tion, bringing the agency's total budget to $6.12 billion. 
Eliminated from NASA’s mission menu are funds for two In- 
teragency programs: the Geological Applications Program 
(GAP) and NOSS. 

The revised budget preserves the space shuttle, al- 
though $36 million of the $2.2 billion allocated to the mls- 
jjon has been subtracted. This paring Is offset by the addi- 
tion of $60 million to the current fiscal year budget to allow 
k j Ch de,a ys- The fleet of four orblters will remain on 
schedule, but the option for a fifth shuttle orbiter remains 
open. 

Space Telescope will continue at the funding level 
”, "led In January ($1 19.5 million), as will the Galileo 
^ssion to Jupiter ($108 million) and the halogen occulta- 
experiment ($7.5 million). 

, v . enus Orbiting Imaging Radar (VOIR) Is now scheduled 
£40!^ In 1 ® 8 ® 1 a 2-year delay. Budgeted In January for 
wu million, the revised budget funds It at $10 million. 
dn^ nc a *^ e Gtaroriia Ray Observatory (GRO) also will be 
cen 2 yeara t0 1988 - The January request for GRO 
$52 million; current request Is $8 million. 
iBruf s f n 8 bud 9 0t restructures the International Solar Po- 
arfikS 00, ach ®duled for a 1985 launch. Fiscal 1982 funds 
lion h^ n ?. del0tQcl ln Raaflan's revised budget, but $6 mll- 
ihai u5Jl? een l0ft t0 * und development of U.S. Instruments 
w on the European-built spacecraft. 

Drilling 

NOAa N ! 0nal ® clenc ® Foundation fared better than 
under o OU0h ma "y programs will receive less money 
biidaat n RBa0ari budget proposals than under Carter's 
, °* tf ie programs trimmed Is ocean drilling. 

$1 ir hJJ? vl ! ed budget totals $1.03 billion, down from the 
figure ln tbe earlier request. The revised 

gan oii£i? 0,5 rn,1,lon t0 the fiscal 1981 budget. As Rea- 
Thssfi irll! j n late February, all new starts are eliminated.. 
tetorioH^H $ 75 million program to .modernize labo- 
te! %cop^ Haw m| l |l °n for 25 ' m ’ millimeter wave . 

was budgeted by Carter for $30 rnlillon: 
n«ES ° rtheDe0 P Sea Drilling Program (DSDP) and 
sfons dZmu ? QeBn mar 9 [n dining (OMD). Reagan’s revl- 
U m!£ Ul iI^ ota ' to a $26 million contribution from NSF: 
Bam*. Will 09 CUl from tho nun rvureo Thin ntlll rSDr©- 


The Astronomical, Atmospheric, Earth, and Ocean Sci- 
ences Directorate will show an 1 1% Increase (to $253.1 
million), over the fiscal 1981 budget In Reagan’s proposal, 
This Is a decrease of $14.9 million from the Carter propos- 

Antarcllc research survives the pruning with the same 
amount ($70.1 million) as budgeted In January. This figure, 
however, does not keep pace with a 10% Inflation rate. 

USGS 

Reagan's budget revisions prune Ihe United States Geo- 
logical Survey purse by $37.6 million— to $529.5 million. 
Most of the reductions were for proposed Increases; tew 
base programs will be touched, according to one USGS 
spokesman. 

Cutbacks caused by the $37.6 million decrease from 
Carter's proposed budget Include $1.9 million from the 
mapping program, $3.5 million for the development of as- 
sessment technology for the mineral resources program, 
$3.5 million from the oil shale program, $2.4 million from 
the geological framework program, and $500,000 from the 
regional aquifer system analysis program. Another $3 mil- 
lion will be cut from the earthquake program; this leaves an 
Increase of $800,000 over the 1981 funding level. 

Half a million dollars will be cut from Ihe loxlc waste/ 
groundwater contamination program, $2.7 million from Ihe 
coal hydrology program, and $7 million from the Outer Con- 
tinental Shelf (CCS) resource evaluation program. The wa- 
ter-use program will continue at the 1981 level of funding 
and wilt not get the previously proposed $1.1 million In- 
crease. The oil shale program, Including regulation, re- 
source. and hydrology, will be cut by $3.5 million from the 
January proposals. 

Two programs had been scheduled for start-up In the 
Carter fiscal 1982 budget but will be terminated under the 
Reagan plan. The cold hydrology program will ba eliminat- 
ed, as will geological studies on the engineering in OCS 
frontiers and on the evolution of the Atlantic margin. 

Water Resources 

Reagan proposes a 15% reduction in planned construc- 
tion for water resources programs. About 75 of the more 
than 300 remaining programs would be delayed under the 
plan. Also proposed is Ihe elimination ol funding for the 
Water Resources Council (Including stale planning grants 
and the river basin commissions) and the Office ol Water 
Research and Technology. However, an Office of Water 
Policy will be established within the Department of the Inte- 
rior. This office will ‘advise the Secretary on water re- 
sources policies,' according to the latest budget document. 

The Reagan administration also proposes a $40-million 
reduction from the Carter budget In the Department of En- 
ergy's general science programs. The revised budget re- 
quest for fiscal 1982 Is $567 million.— STS® 


Science Policy for the '80's 

Science policy (if II ever was a policy) usually was to 
support ttl-deflned or 'basic' research In science; the 'policy* 
was embodied In Ihe hope thal supported research would 
someday pay off In Ihe form of Improved technology. One 
ol the fathers of this policy during the post-WW-l! period 
was Simon Ramo, a founding member of the National 
Academy of Engineering, chief scientist of United States 
1CBM defense operation, founder of the TRW Corporation, 
and now a member of President Reagan's science and 
technology task force. Simon Ramo represents an Influen- 
tial group dedicated to a 'systems analysis’ approach to 
forecasting technological progress, and as such the 'sys- 
tems' approach emerges as a central theme tor science 
policy In the 1980’s. , . . 

The new shift In national policy introduced by the Reagan 
administration Includes revisions In science policy that have 
recently been termed as 'searching examination’ {Chemical 
& Engineering News, Feb. 23, 1981 . p. 22), ’Unkind cuts’ 
(New Scientist, Feb. 12, 1981), and ‘The Spectrum from 
Truth to Power 1 {Science, Technology, and National Policy, 
edited byT. Kuehn and A. Porter, Cornell University Press, 
Ithaca, N.Y., 1981). The Idea now Is to speed the conver- 
sion of scientific discovery Into technology In an orderly 
way. As never before, there are growing debates over Ihe 
roles of science In society, Its lines of support, Its applica- 
tions. More than ever, social scientists, economists, and 
philosophical types are trying their hand at Influencing sci- 
ence policy In very different ways than scientists mem- 
selves, a9 Vannevar Bush did 30 years ago. 

A somewhat disjointed reaction has resulted trom the 
melange of activity. There has been the Incredible misun- 
derstanding of the differences between ’real, or basic, sci- 
entific research and ‘development work, or applied re- ^ 
search, by the nonsclentlst science policy experts. Some of 
the misunderstanding has resulted from the combined con- 
csDt9 of ’R&D.’ H would appear to be a simple matter ot 
disconnecting pure science from technology, but unfortu-^ 
nately, basic science Is a necessary supplier of the ‘grlsi 
- for development and technology so the "ereWIngs 
will probably persist. A systematic, efficient approach to 
technology te needed lo channel the huge amount of infor- 
mallonS dala for application to the enormous number of 
r\M\hiomR In society, many of which are Immensely com- 
plex^ In a lecent, iHought-provoWng report {Chemical s En- 
gineering News, Slip.), WII Lepkowskl stated. 


Role ot the White House science adviser. National 
agenda for the 1960’s. The peer review system as an 
obstacle to new Ideas. Global 2000. Deregulation. Risk 
analysis. Carbon dioxide and the threat to global cli- 
mate. Impact assessment. Revamping the patent sys- 
tem. Five-Year Outlook tor Science and Technology. 
Science Indicators. Particle-beam weaponry. Weak- 
ness of military command and control systems. Obso- 
lete Instrumentation. Obsolescent professors. Techni- 
cal manpower shortages. Everyday, federal agencies, 
universities, foundations, and think tanks pour out doz- 
ens of studies and reports on the measurements and 
ruminations of scientists and technologists. 

Where neoconservatism enters the Issues of science 
policy Is in the now popular desire for the simple virtues of 
the competitive commercial market place. Industrial and 
economic growth involve advanced technology and engi- 
neering, and thus for a first step in Ihe reaffirmation oi 
these virtues it is perceived that U.S. Industry Itself should 
not be blamed for its decline In the Jale 1970's and early 
1980’s, but instead, big government and ils policies are to 
blame. Lepkowskl cites neoconservative science policy ex- 
pert Simon Roltenberg, an economics professor at Ihe Uni- 
versity of Massachusetts, as reflecting new establishment 
thinking. According to Lepkowskl 

[Rotlenberg] says thal the growth of science support 
by the government has corrupted quality In research 
and has produced off ihe bounty a socially excessive* 
mediocre class of scientist. Cutting basic research and 
training budgets, he believes, will weed out the less 
than competent scientists that infest academic re- 
search establishments. 

‘The central problem confronting public science poli- 
cy (Rotlenberg says) Is that of avoidance of central di- 
rection. The judgment of those who make that policy is 
not belter than the judgment of competitive commercial 
and Intellectual markets. Where outcomes lhat would 
be generated by those markets are frustrated and 
dominated by taxes and subsidies thal are implicit in 
science policy, policy will have done much mischief 

Thus, the National Science Foundation, the National 
Institutes of Health, and those other agencies that 
have supported baste research in universities have 
done mischief. 

Lepkowski goes on to say (hat 'this new philosophy will 
not be comfortable reading te those accustomed to seeing 
science policy as the sum of budgets, the description of 
programs, and the organizational structure ot NSF.' 

As apart from the philosophy, the current practicability is 
seen In budget cutting to the ‘bone’ ol Ihe federal govern- 
ment. Science writer Dan Greenberg calls the cuts in sci- 
ence areas 'unkind.' because they appear to be heaviest In 
the social and behavioral sciences, which he favors as 'at 
least . . . pointed In the right direction' (New Scientist, sup.). 
There is continuing concern lhat Ihe budget cutters are pro- 
ceeding In the areas of R&D and science and technology 
without guidance of a While House science advisor. Very 
recently, reports have come from high officials in the Rea- 
gan administration thal the need for a science advisor is 
being questioned, thal Ihe Office of Science and Technol- 
ogy Policy (OSTP) would nol fit easily Into Ihe decision- 
making structure at the White House (Science, Mar. 6, 
1981). It may be likely that the functions of the OSTP will 
be transferred to another agency and, thereby, will be 
made lass effective. That the White House Is proceeding 
with budget cuts and other scfence policy in the absence of 
a representative of Ihe scientific community ln the position 
of advisor has caused what is reported in Nature as 'scien- 
tific nallbitlng In Washington.' 

On the other hand, the school of systems analysis and 
systems engineers worry about the desperate need for In- 
formation technology to keep our society from the Ills of a 
rapid, uncontalned Information explosion (social 'entropy' Is 
a term used loosely). 

The influential figure In science policy, who himself 
comes from the scientific and the Industrial worlds, Is typi- 
fied by Simon Ramo and other members ol the task force. 

It is recalled lhat they have tong supported strong govern- 
ment funding for R&D. It la also noted that they recognize 
Ihe fragmented and piecemeal aspects of a federal govern- 
ment organization lhat is suffering from random growth in 
the pursuit of streams of information. Actually there Is nol a 
conflict between less structured support for basic scientific 
research and a simultaneous systems engineering ap- 
proach to R&D, technology, and society's problems. The 
conflict seems to be drawn between the 'Simon Ramos' 
and the 'economist-social science policy expert-budget cut- 
ters.' The systems analysts believe In forecasting and pre- 
diction and in the utilization of a data base organized for 
the purpose . — PMB S& 


Mt. St. Helens Has Little Weather Effect 

Despite ihe ash spewed Into the atmosphere, Mount St. 
Helens had leas effect an the weather than might have . 
been anticipated. The ash from the eruption had no effect 
upon precipitation and had a lower nitrate content than par- 
ticulates In air samples unaffected by the fallout, according 
to recent reportfi by NOAA; 

A team led by Rudolf Pueschel of the Air Resources Lab- 
oratories measured airborne particles and cloud droplets 
upwind and downwind ol the volcano In, April 1980. Down- 

(News cont. on page 124 ) 
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(News cont. from page 123 ) 


wind, the mass o! particles in the air was thousands of 
times greater, but the ash appeared to have no effect on 
the amount of water In clouds or the size of water droplets. 

Laboratory tests of ash collected from the ground near 
Yakima, Wash., after the May 18 eruption, produced similar 
results. Russefl Schnell simulated conditions In the volcano 
plume by squirting ash Into an airtight plastic lent and al- 
lowing It to settle. At Intervals, air samples were collected 
from the lent and particles were tested for their ability to 
serve as freezing, or Ice, nuclei. The ash turned out to be a 
very poor source ol Ice nuclei. The effectiveness of an tee 
nucleus depends on the temperature at which ft Induces 
freezing In water cooled below the freezing point. The 
warmer the temperature, the more active the nucleus. 

In the ash samples, very few nuclei were aclive at tem- 
peratures about 10°F. Even when the ash In lha tent was 
three times thicker lhan a strong dust storm, no more Ice 
nuclei were present than II there had been no ash at all. 


Chemical analysis of the ash provided a clue to its mete- 
orological harmlessness. Past research has shown that the 
cloud-modifying potential of man-made pollutants generally 
is linked to their content of water-soluble nitrates. The ash 
had less than the particles already present in the unpollut- 
ed air. The mineral-like ash proved highly Insoluble. 

Researchers are not calling Mount St. Helens Insignifi- 
cant; It Injected millions of tons of dust and ash into the at- 
mosphere. 'But as far as local weather Is concerned, the 
volcano Is relatively benign,' said Pueschel .— PMB 88 


tere. It also alms to develop necessary technology to era 
diet earthquakes and to help save lives and properties In 
Japan. 

Although ADEP will concentrate mostly on Japanese 
earthquakes, the association will publish an International 
journal, Earthquake Prediction Research. Tsunejl Rlkitake 
chairman of lASPEI's Commission on Earthquake Predlc-' 
tlon, will be the edltor-ln chief. D. Reldel Publishing Co In 
the Netherlands will work with ADEP to publish the journal 


New Earthquake Prediction Association 


Geophysicists 


The Association for the Development of Earthquake Pre- 
diction (ADEP) was founded In January under the direction 
of Takahlro Hagiwara, a professor emeritus at the Universi- 
ty of Tokyo. ADEP concerns Itself with research related to 
earthquake prediction and prevention of earthquake disas- 


J. F. Dewey has been named distinguished professor bv 
the State University of New York at Albany. He also has 
been Invited to give the 1981 William Smith Lecture to the 
Geological Society of London on 'The Plate Tectonic His. 
tory of the British Islands.' 



EOS offora classified space hi Positions Available, 
Positions Wanted, and Services and Sapphos. Thera 
are no discounts oi commissions on classified ads 
Any tvpo that re nci publisher e choice re charged tor 
at display rales EOS re published weakly on Tues- 
day, Ads muslpo received in writing on Monday 1 
week prior io lhad-ite of (ho issue required. 

Rapfms to ads with box numnom should ho ad- 
dressed to. Ba< . . American Qanphyaical 
l/mon. 2000 Fkmi.1 Avenue, N W.. Washington, 
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POSITIONS WANTED 
flatus par Imo 

I -5 tunes- Si OO. (Ml times -SO 75. 
12-26 times -SO 55 


POSITIONS AVAILABLE 
Hales per Imo 
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12-26 tunes— $1 40 


SERVICES AND COURSES 
Halos per l,na 

1 -5 tunes- $2 50.6-11 tunes- SI 95. 
12-26 imius-St 75 


POSITIONS AVAILABLE 


Assistant Professor, Hydrology> Water Re- 
sources. Tenure track appointment involving 
teach. -ng end research in hydrofogy end wafer re- 
sources Excellent opportunir.'as tor Interdisciplinary 
collaboration with ccofogrets, meteorologists, geolo- 
gists and hydrologists. Please colt or send resume, 
reprints, and names ot three references to George 
M Hornberger, Department of Environmental Sci- 
ences. Clark Hail. Un, varsity of Virginia, Chailottes- 
v'le. Virginia 22903 

Dosing dale tor applications Apnt 15. 1981 
Tlie University of Virginia is an Equal Opportuni- 
ty Affirmative Acton Employer. 

Professor Ooo on ography. The Department ol 
Oceanography of Terras AAM University invites ap- 
pircatona for an academe Faculty position The ap- 
pointment is expected to be made at the level ol 
professor in one of the major sections ol the De- 
paitment— tw'cgtoaj oceanography, chemical 
oceanography. gectogtea) and geophysical ocean- 
ography, or physcal oceanography. 

Hence. appicaitcms are sowed from individuals 
who have demonstrated scholarship in research 

fflSS? 0 10 “eanogrephx: subtf scfpdne. 

Outstand vig applicants su.tabte for appointment to 
academic ranks other than professor will also be 
considered, but preference wdl be g,ven to appli- 
cants suitable tor appointment to the higher ranks 
to i apply, or tor Further information, please con- 
tact Professor R O. Rod. Head, Departmental 
OMarography. College Station. TX 77843 (713' 

Te«aa asm University Is an aftirmattve acton’ 
equal opportunity employer. 


• traHatapher, Leave of Absence Replace- 
mem. Applicants are invited to fill a position in 

September |. 

JJJIJ? fBqu,,e 0,1 “inusiasi* 

reaerwf to provde instruction m (he above areas as 
leresurf ^ h05eum 8«> f 09Y. with an In- 

* n,tfarn s undergraduate research Thla 

wttch emphasises retd stud- 

teftBr8 10 Jam ® 3 F 
‘fcMrtmont ol Earth Sciences 
f U Nv ■ Plattsburgh. NY 12901 
An EO AA employer 


Recruit*. Announce* Advertise. 


Recruit lal tinted personnel In the 
geophysical sciences. 

Announce special in eel Ings, 
workshops, short courses, and culls 
fur papers, 

Advertise services, supplies, and 
Instruments- 


A classified ad lit EOS, the weekly 
newspaper for the geophysicist, will 
get ie suits. 


Low advertising rates, easy-to- 
rn eet copy deadlines, and a broad 
readership make EOS (he medium 
tor the message. . 


Place your ad today. 

GUI toll free; 800424-2488 


Dfraetori Meteorology Division, Ale Force 
Ocophysice Laboratory, Air Force Geophys- 
ics Laboratory Invitee applications tor the position 
ol Director ol the Meteorology Division located at 
Han soom Air Force Baso. Massachusetts The Divi- 
sion Is responsible (or Air Force research and de- 
velopment in metooretogy. atmospheric physics, re- 
mote and direct sensing technology, climatology, 
and relative lechnotogios. The division director pro- 
vides overall direction to an R&D program which 
omptoys over 80 people and covors a broad range 
of In-house and contractual sclenllffc Investigation. 
A candidate should have a record ol distinguished 
achievement In rneteoratogy/aimoapherle physics 
aa a research scientist end manager ol a substan- 
tial RAD unit. This position Is Air Force Senior Ex- 
ecutive Service with a salary range of $52,247 to 
$57,873. subject lo current $50.1 12 celling. For an 
application package, call collecl: Robert Ellerin. 
{617) 861-2896. To be considered, applications 
must be returned by 30 April 1981. 

Equal emptoymorl opportunity omployer. 


Princeton Unlverslly/Solsntlfio Program- 
mars and Data Analysts. The Geophysical 
Flu-d Dynamics Program ol Princeton University 
seeks epplicanls for two lull time scientific program- 
ming positions that may become available In July 
1981. These programmers will become part ol a re- 
search group that is making use ol measurements 
ol a variety of chemicals In the world oceans lo 
team about oceanic circulation and mixing. Ore po- 
sition Involves data analysis and the other Involves 
developing computer simulations. 

Applicants should have a bachelor's or master's 
degree in oceanography, physics, chemistry or en- 
gineering with a Blrong math background. Fortran 
programming and course work In oceanography are 
required. ' 

Salary is $15,000 to $17,000 per year. 

Send a resume, course transcript and namas of 
3 references to Prof. Jorge L. Sarmlanto. Director 
Geophysical Fluid Dynamics Program. Princeton 
University. Princeton. NJ 08544. 

Princeton University is an equal oppoitunitwaf- 
firmattve action employer M/F. 


Faculty Appointment/Colorado Stale Uni- 
X , „ The Department of Earth Resources, 

Colorado Stale University Invites applications fora 
tenure (rack appointment wlihomphaBlson aclive re- 
«arch experience In remote sensing, and an Interest 
m reaching graduate and undergraduate students 
beginning September 1981. The candidate la ex- 
peeted to have a Ph.O. degree In geology, watershed 
sciences or In a related flefd and Is expected to de- 
velop and maintain a vigorous research program with 
special emphasis on the application ot state-of-the- 
art remote sensing techniques to the Investigation of 
natural resource phenomena. The candidate Is ex- 
pected to teach undergraduate and graduate 
nurses In the application of remote sensing (o natu- 
ral rasaurcaa. 

Rank and salary are open and dependent on expe- 
nence and qualifications of the applicant. 

Applicants are fnvlled to BUbmll curriculum vitae 
three letters ol reference and a letter describing re- 
search and teaching Interests to Dr. H. S. Boyne. De- 
partment of Earth Resources. Colorado State Uni- 
versity, Fan Calling, Colorado 80523/(303)491- 

Deadhna for receipt of applications b April 15. 
1881. 

C9U b an EOE/AA. E.O.OBIce: 3l4Studant Serv. 
Bldg. 


Faoulty Poeillom University of Iowa. The 

Department of Physics and Astronomy anticipates 
®P« n,n fl» to tenure (rack fealty In Au- 
flusi 1981. Research specialties for which substan- 
tial resources are available are magrteiospherto 

an<1 space and laboratory plas- 
™ hote Bw°reHcal end experimental, oth- 
er specialities ol interest are astronomy, astrophys- 
to^eiemenifliy panicle physics, atomic physics ** 
condensed matter, and low energy nuclear physics 
Jtepoalhors involve undergraduate and graduate 
teachtog. guidance ol research students, and per- 
'"tested person* should sorSa 
rfisume, a statement of research interests and iha 
rmrnes of lh.ee p.dosstonerXencM to ^ 
Committee. Department of Phyaica end 
JJJJjJJJ*- Unhrefailyofiowa. Iowa City. 


88011 half-time visiting pro- 
fwsor tor the academic year 1981-82 to teach 
« regional lector*, end! 

ta tor ha,, ' tJfT * to enbreao- 

SSSi? s * ew » r ^ ^ **• 

Rank and salary wi- 
topiklea lo: Paul C. Hass Chairman 




Taxes Teoh University! Faoulty Posi- 
tions. The Department of Geosciences Is seeking 
applications for additional faculty members In geol- 
ogy, geophysics and geochemistry: applicants from 
ell Helds of geology other then paleontology will bs 
given serious consideration. 

These ere tenure track positions at the assistant 
professor level with appointments starting Septem- 
ber I. 1681. 

Applicants must have completed their doctoral 
programs, be Interested In teaching at both the un- 
dergraduate and graduate levels, end have specific 
plans for research In their fields of specialization. 

Applicants for the positions should submit re- 
sumes, the names of at feast three persons from 
whom the department may request letters of rec- 
ommendation. and brief description of research in- 
terest to: 

Donald R. Haragan, Chairman 
Department of Geosciences 
Texas Tech University 
P.O.Box 4109 
Lubbock, Texas 79409 

Texas Tech University Is an equal opportunlty/af- 
flrmalive action employer. 


Chemloal Oceanographer. Research associ- 
ate. M.S., marine organic geochemistry and Its re- 
lation to ocean productivity, Cooperative Institute of 
Marine and Atmospheric Sciences. University of Mi- 
ami and National Oceanic and Atmospheric Admin- 
istration. contact Chairman Search Committee. 

D. K. Atwood, NOAA/AOML, 16 Rickenbanker 
Causeway. Miami, FL 33149. 


Hydrogaologlat. Applications Invited for a per- 
manent faculty position. The position requires a 
Ph.D., teaching at graduate and undergraduate lev- 
els. supervision of research, and research In area 
of specialty. Interaction with faculty In surface water 
hydrology, slable-laotope geochemistry, geophys- 
ics^ and sedimentary geochemistry Is expected. 

Candidates should send resume, statement of re- 
search interest, and addresses of three references 
to L. 0, McGinnis, Chairman. Department o( Geolo- 
gy. Northern Illinois University, DeKaib, IL 60116. 

An equal opportunlty/afilrmalive action employer 


National Science Foundation, Dlvlelon of 
Oooan Drilling Progrsmsi Deputy Division 
Director. NSF'a Division of Ocean Drilling Pro- 
grams Is seeking qualified appllcante for a perma- 
nent appointment as deputy division director. This 
position has a salary range of $44,547 to 
$50,1 12.50 par annum. The Incumbant will aug- 
ment and assist the division director in assigned 
managerial and program overeighl activities to en- 
sure that division operations are effective and wilh- 
in the context ol approved program goals and relat- 
ed federal and NSF poficlaa and procedures. He/ 
she will formulate policy recommendallons, develop 
tong-range plane and budgets; supervise special 
toal Point for staffing and 
personnel division activities. Applicants should have 
en appropriate degree In the physical or enginser- 
“l 8 " 0 ® 1 ' or ,he equivalent In experience, plus 
® x P e ‘to ,w ln management of a large 
pf0l8 . < f or neJd effle*- Appllcante should^ 
2 ? I'SSn 0 , intB ™) Bnd SF-171 or current reeu- 
Scl0nW Foundati °n, Division of 
Personnel and Management, Personnel Admlnlstra- 
55 5$ If, 00 Ofitort. N.W.. Washington 

While. Announcement 
n iu^ 8 F hjf,hef lr, tomallon call Odessa 

POSTS ' RflCmi,men ‘ ' 8 0,58,1 un,il 

An equal opportunity employer. 

JBSSS 1 ” Wn]n a Engineer. Geological 
h nK 2?. En0 ?° er , with PhD - versatility andcapa- 
**• 9~.denU.fe. ocStnogra- ' 
221211“ 9 ®" en B , ?? WB - Permanent full-time 
Sn K POallkxi wllh ranl < and salary 
R SiSSV! S ames ol lhree references 

"°«^ F e L ^ ,3 ° 51 7i!3 ■ 370, ** 

E!ll 0 i 08y/Q *, O t h " mlBtrY * University of 
ha * ^runswfok. The Department ol Geology 
has e tenure irack posillon available from 1 

1891. at assistant professor or higher [aval The 

SSH ca, !l expected 10 ,each ^ 

, d 9 ' 8diratB3 wall aa carrying 

tmJSS 0 r ®tea | a students. 

TWa position b In addition to one currently adver- 
llsed for a rock mechanic or geochemist. 

bocKmffiJ a !lL ahQuld J lave a todtQiound In pe- 
bochemistry and peirotogy and should be prepared 

otJimlWnJ 0B Pacb ol petrology and geo- • ' 
dwmteuy. The successful applicant vrill be raspon- 
^tosupenriston of arujlfcai fadllUea Including. I 

^ApgcBnis should have a Ph.b. and pralerebly : ' 
PMt^oraJ e^perience. App^attona Indudlng a . 

'• . • ■ 1 ’ • 


Purdue University. A tenure track appoint- 
ment In the area of surveying and mapping. Under- 
graduate teaching In the areas of basfc surveying, 
adjustment computations, and introductory photo- 
grammatry/photo Interpretation; Involvement In 
teaching graduate level courses, and In existing 
and new research programs. 

Preferential consideration to candidates with a 
Ph.D. and land surveying registration (or In the 
process of gelling such degree and registration); 
rank end salary are open and depend on the expe- 
rience and qualifications of the applicant. 

Send resumes, by 15 April 1981, to Head, 

School of CMI Engineering, Purdue University, 
West Lafayette, IN 47907. 

Purdua Is an equal opportunliy/afflrmatlve action 
employer. 


Postdoctoral Posltlon/Earth and Space 
Sciences Institute, Tucson. To assist in 
analysis and Interpretation of data from the Voyag- 
er Ultraviolet Spectrometer. Possible fields of re- 
search Include the bound and extended atmo- 
spheres of Jupiter, Saturn, and Titan. Applicants 
should have a Ph.D. and expertise In several of the 
following areae: atmospheric physice, plasma phys- 
ics, atmosphere-magnetosphere Interactions, com- 
puter programming and simulation, and UV spec- 
troscopy In the laboratory or space. Appllcanl 
should send resume, Hat ol publications, and 
names of three references to Bill R, Sandal, Earth 
and Space Sciences Institute, University ol South- 
ern California, 3626 East A]o Way, Tucson, A Z 
85713. 

USC Is an equal opportunity/affirmative action 
employer. 


South Dakota School of Mines A Technolo- 
gy. Tha Department of Geology and Geological 
Engineering anticipates two tenure track positions 
In economic geology beginning fell 1981. (!) Crys- 
tal Chemlslry/mlneralogy/petrology of Igneous and 
matamorphlc rocks with emphasis on mineral de- 
posits. (2) Geology of slrata-bound or hydro-ther- 
mal deposits. Number one Is at the full professor 
level, number two at the assistant or associate pro- 
fessor level. Please send resume and three letters 
of reference to AMa Llaenbee, Department of Geol- 
ogy and Geological Engineering, South Dakota 
School ol Mines & Technology, Rapid City, SD 
67701 (605-394-2481). 

South Dakota School of Mines la an equal oppor- 
tunlty/afflrmathrs action employer. 


Research Officer In Radiocarbon Ho- 
aoarctu Rosoaroh School of Earth Sol- 
enoea/BnvIron mental Geochemistry 
Group, The Australian National Universi- 
ty. The Environmental Geochemistry Group Is cur- 
rently using geochemical, stable isotope and radio- 
chemical methods to study the geochemical evolu- 
tion and palaeocUmatoJogy of the Great Barrier 
Reef. Australian Inland lakes and the Gulf ol Car- 
pentaria. Applications are Invited from scientists 
specialising In radiocarbon research to undertake 
collaborative studies In these projects and In as- 
pects of Holocene palaeocllmatolagy and the car- 
bon cycle. 

The appointee will normally ba attached to the 
ANU Radiocarbon Laboratory and will work In col- 
laboration and co-operation with its Head, H. Po- 
lach, and Ha staff. The appointee will be responsible 
tor the expansion of the laboratory to meet the In- 
creased needs of the R.8.E.S. Environmental Geo- 
chemistry Program. 

Ha/Sha Is expected to independently conduct this 
research program, Including the processing and 
counting of samples, and to contribute academical- 
ly to their analysis, Interpretation, and publication. 

The appointment will be for lhree years In the 
firsl Instance wllh (he possibility of a conUnrtng ap- 
pointment after review. Appointment would be at 
the level of Research Officer Grade 1 although an 
appointment at Research Officer Grade 2 level 
would be considered for an appropriate appllcanl. 

Salary on appointment will be In accordance wllh 
qualifications and experience within the following 
limits: 

Research Officer Grade 1: $15,300-519,125 


,; r 

S--..W I. - ' 


Research Officer Grade 2: $l9,BB4-$23.622 
P-8- 

Further details ol the post are available from Dr 
W. Compston, Research School of Earth Sciences. 

Reasonable appointment expenses are paid. Re? 
turn (ares may be available lo an appointee from 
overseas who holds a limited term appointment and 
assistance with. accommodation will be provided to 
the successful applicant. The appointee will be re- . 
qufred to undergo a medical examination . ‘ 
Written applications, quoting reference number • 
81142; should be forwarded to the Secratwy, The 
Australian National University, ^ f .0. Box 4, Canber- 
ra. A.C.T< 2800, wlte whom applications dose on 
84 April 1981 . Receipt of applications will not 

acknowledgeO unlBes requested, :' 

The University reserves the right not to make an 
• appoWmapt or to make an appointment by Invite- . , 
ttoh al an^Hmi^ - JT; ■ 7^. .V ; ; 
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Research Fellowi Aqueous Solution Qeo- 
ohemlatry. The Australian National University In- 
vites applications for appointment to the position of 
research fellow— aqueous solution geochemistry, in 
the Research School or Earth Sciences from those 
holding a Ph.D. degree In a relevant field. 

The Research School of Earth Sciences hB6 re- 
cently established an interdisciplinary research 
group In environmental geochemistry. Current 
areas oT research include application of stable Iso- 
tops studies and radfochemlstry, to the geochemi- 
cal evolution of the Great Barrier Reef, the Gulf of 
Carpentaria and the geochemical record contained 
In tha sediments ol Australian inland lakes. Special 
attention Is also being devoted to holocene pa- 
Iseocllmatology and tha carbon cycle. This group 
wishes lo appoint a research fellow specializing in 
aqueous solution geochemistry to work on a col- 
laborative basis on research projects In the above 
areas. 

In addition to participating In collaborative re- 
search programs, the appointee will have the op- 
portunity of pursuing Independent research In gen- 
eral areas ot interest to the group. The geochemi- 
cal environment of Australian Inland lakes and 
groundwaters Is of particular interest and the ap- 
pointee should be prepared to participate In a major 
research program aimed at understanding the solu- 
tion, transport and precipitation ot chemical species 
In heterogeneous aqueoua solutions and sedi- 
ments. A wide range of evaporate minerals are 
known lo occur In these basins at the present time. 

Corwsquenlly, the research undertaken by the 
successful applicant may have Implications not only 
lo environmental geochemistry and pafeaooHmatol- 
ogy but ate) to economically significant topics such 
as the moblflzallon, fixation and migration of metals 
and olher elements of economic significance. 

Applicants should have broad interests In geo- 
chemistry, together with a strong background In 
theoretical solution geochemistry and relevant ex- 
perimental-chemical techniques. In addition to de- 
scribing their qualifications, applicants are Invited to 
submit research proposals detailing the general re- 
search directions and specific projects which they 
would wish lo pursue. Further Information concern- 
ing the posillon can be obtained directly from Dr 
W. Compston. 

Salary on appointment will be In accordance with 
qualifications and experience within the range- Re- 
search fellow 51 9, 1 32-524,972 per annum. Ap- 
pointment will be for 2 or 3 years In the first In- 
stance wilh the possibility of extension to five 
years. Superannuation, hou8lng assistance, rea- 
sonable appointment cobIs. 

The University reserves the right not to make an 
appoinlmsnt or to make an appointment by invita- 
^>n at any time. No fixed dosing date is specified 
tor the above position. 

Interested candidates ere requested lo submit 
Uw'r applications to The Registrar. Australian Na- 
PO Do* 4. Canberra, ACT 2600. 

Hanford University and Sen Jose State 
university! Atmospheric Salences/Re- 

••■roh Associate. Appllcelione are Invited tor 
a position as research associate which will be avail- 
aoie in Juno 1981. This position involves develop- 
’'’snt of a three dimensional numerical planetary 
toundsry layer model of the fate oi large point 
xwree plumes In a coastal urban environment, tn- 
rerasted csndkfates with modeling experience and 
possessing the Ph.D. In atmospheric sdence, me- 
wratogy, or related areas are Invited to submit a 
v[tae flnd references to: Prof. Robert 
S.S. 8P o B f men ‘ of cm Engineering. Stanford 
CA 04305 or ProL Robert 
5SSS ^Partment of Meterology. San Jobs 
^nhrerslly, San Jose. CA 951 B2. 

Mton OTpkjS? 8 8rB 8qUal op P Qrtunlt y /0fllfmatlv3 

!i , .?w* n, i ryQaolofl,Bt/Mier °p» i « nt » to - 
2 i , «??! 2 n *l 0n UnlvBr> lty. The Depart- 
Untvarflfe 8 !^ and Planalar V Stances, Washington 
PfotaJ^w 88 av . allflble a tenure track, assistant 
““rcnlp position, beginning In the 1B81-82 
For ■ geoaclentlst with research in- 
i «ontology Sa90n0a 8 80(11,110018 or ln mlcrapa- 

candidate muBt have the lollow- 

^rce&'i? m0nS,raled craa,Mty and P™ 180 
eafCh and teachln 0: Intent to 
lira to^Hsr'h 3 ^ 0118 Qraduate research program: da- 
kkfo ol cm,? UfBe8 n ,,eW 01 Interest and related 
^ B^oence at undergraduate and graduate 

of future research inter- 
^ 01 10881 ,hree reterencea, to 

Planetary^^™ 80 ' R 0 P artment of Eerlh & 
Mm. Wo8h| ngton University, St. 

April 15,^931 ' Apfrilca,lon8 received through 

an Bqual oPPortunity/ef- 

tfe ,„J h f department of Geology at 

an °PBnIno tor°B 00 3 ‘ Urbana -Chempalgn,' has 
P° 8l,lon at me easfel- 

*^mlcS, f ^ D^8 nnlna durIn 9 ,h ® 1981-82 
•Nkild have a ate^'h ' S ret1ulred - Tha applicant 
teW-docioraia 5^ back flround In geology, and 
toierests 0naa 18 ''“Irable. Candidates 
,n ,eclon,c alud,aa 

WwnoTffiSS ‘J ha0rvaU °ns wfil be given 
b develop w nr£^ candidate Is expected 
lflen ' Koo mm B f Hrch pfD0rarn 10 comple- 
^hystaiS^ am8 k ln fleodynamlce, solid earth 
tolly for fekSK TTtere Is also oppor- 

?® nl8 of TheorSi a 0 ! pr °9 rania In the Depart 
^nasring Mechanics and CM 

? Ith uKv U 9«2f rtsc,plinarv Maleria i 8 R°- 

Jto* r 8lflrfln^ r ^. 8 r ? nd , r ® 0um6 artd name* of 

^ 01 QeotoS tSLiS Howor ' H0 ad, Depart- 
^ of l,l,no,B - 246 Natural 

iSS" S1 - Urbana - IL 81801 
App,lcallon8 8h0Uid b0 

^ 80 aflirma,,v8 floaor,/ ; 

'apoiS?? 0 N °rthwen Loborato- 

S^^^raposSralpo- 

£ SrftSu Jmp to B,a °n middle or up- 

^ ,f1 Richland Wnthi Ch Hl ^ ^helte Observe- ... 
I'i 000 lnS£ SllPand will be 

&?' 0nl feLth?IS ( 'lL 0fler8 m 0 PoaaWBy of . 

fftostaw acSL p ? 8i l l0n at end of (he • 
^Stok^ ^^ntvAddr&aB Inquiries to 

BaHolla 1 Recffid ’. 

WAB935i ra ' 0riBa 'P-O-adx9OT.RIchland. . i : 


Headi Barth Reeoureai Branch, Nasaj 

itwnent ThfaiJS 112 P ® r 8nnumi P«r- 

5 Surv0 V Applications Division 
E5 8 directorate, NASA/Goddard Spsce 
lnvit8S applications tor the open 
positton of Head, Earth Resources Branch. The 
tocumtwnl of this positton fe responsible tor plannlno 

2? 10, an ‘ l conduolin 9 Pread pragrameK Q ' 
earth resources remote sensing basic and anoHed 

ODrSi^J h* 18 anBlyBl8 ' emphasizing thedevel- 
ZC n tI n r Qn8lfa,l0n 01 a PP" cat| cne of remote 

SenSmO Ot nnrth ranniir#.»n Imm auu — kiu_. 


land use management, vegetation sciences Indud- 
ing agriculture/foroBlry/rangeland and environmentsl 

remotely aBn8Bd data andad- 
vawed technologies. Also, significant effort Is dedl- 
rated lo sensor data evaluation in terms of eppli- 
an , d 8d8n,i,,c uU| l‘y- end to spedficaflon of 
Sh ^ 1 ,nforma,lwi extraction systems 

agetriBnt needs. An advanced degree In earth or 
^' a “ eclancw Is required with educaUon in the 

JSJJSS ^ nd U8B or environmental mon- 

Itoring being epedllcally preferred. Candidates 
should also have several years oi progressively 
more responsible experience In the conduct, guid- 
ance and management ol remote sensing research 
programs and dear evidence ol a strong research 
background Indicating senior research sdentisi slal- 

Resumes/SF 17 Ts should be sam to: 

Dr. Robert D. Price. Assistant Chlel 
Earth Survey Applications Division 
Code 920 

Goddard Space Flight Center 
Greenbell, MD 20771 
Deadline for applications Is April 30, 1981 . 
Faculty Position In Phyalaal Oooanogra- 
P V , J IP 8 De P art mBDt ol Marine. Earth and Atmo- 
spheric Sciences at North Carolina State University 
Invites applications for a nine-month, hard money, 
tenure track position at tha assistant or associate 
professor level for a physical oceanographer, spe- 
cializing In the numerical modeling ol oceanic 
flows. 

Applicants should have a strong background In 
geophysical fluid mechanics and the abilities to de- 
velop s funded research program and graduate lev- 
el courses. Presently funded areas at NCSU in- 
clude estuarine, coastal and deep-water oceanoq- 
raphy. ^ 

Send curriculum vitae end the names ol three 
references by March 31 . 1981 to Professor G. S 
Janowltz. Chairman. Search Committee In Physical 
Oceanography. Department of Marine. Earth and 
Atmospheric Sciences, North Caroline Slate Uni- 
versity. P.O. Box 5088. Raleigh. NC 27850. 

North Carolina State University is an equal op- 
portunHy/affirmallve action employer. 

Faoulty Position in Oceanagraphy/Qaolo- 
gyi University ol Northern Colorado. The 

Department of Earth Sciences invileB applicalions 
for b full-time, tenure track faculty position in 
oceanography, starting September 1981. We are 
seeking a person wilh a broad background in 
oceanography and one or more of tha related earth 
Bdence fields such as marine geology and 'or sed- 
Imantology Major responsibility will ba leaching be- 
ginning and advanced courses in oceanography, 
courses In the related field, and general education 
courses. A modest amount ol research Is possible 
and Is encouraged. Applicants should possess the 
Ph D. degree or be In the final stages ot completion 
of that degree. Starting rank end salary wilt depend 
on experience and other qualifications of the candi- 
date selected. 

Appllcante should submit a resume and a! least 
three letters of recommendation to Dr. L. Glen 
Cobb, Chairman, Department ol Earth Sciences. 
University of Northern Colorado, Greeley, CO 
80839. 

The deadline tor application Is May 10. 

RMearah Associate III. To be responsible 
for cruise logistics and programs to study pore wa- 
ter, nutrient, and trace metal chemistry, sea going 
work to collect pore water Bamplss end analyze by 
autoanalyzer for nutrients; laboratory analysis ol 
trace metals by mass spectrometry. Position re- 
quires precision to exceed that obtained by currant 
atomic absorption epactrophotomstrto techniques 
and appScante should have developed a method- 
ology to make measurements of ultra low levels of 
transition metals In sea water by solid source ther- 
mal Ionization mass spsctrometiy. Position requires 
experience in and development ol In situ recovery 
techniques for pore wster samples of nutrients, 
transition metals end dissolved gases; data Inter- 
pretation and publication. Ph.D. in chemical ocean- 
ography with experience In oceanographic cruises; 
experience In pore water sample collection meth- 
ods for nutrients; experience with trace metals and 
dissolved gases by sediment squeezing; experi- 
ence with centrifuge and in situ Instiumental tech- 
niques. Salary $21,000.00 par year, 40 hour work 
weak. Phase send resume to: Mr. R, Gray, Rhode 
Island Job Service, Washington County Govern- 
ment Center, Tower Hill Road, Wakefield, Rl 
02880, before April 3, 1981. 

Oeophyelelst. Applications Invited lor e tenure 
track position at the assistant or associate profes- 
sor level, beginning August 1981 . Successful candi- 
date wB be expected to develop graduate courses 
In area of expertise and io teach undergraduate 
geophysics. Although all areas ol geophysics will 
be considered, preference will be given to profes- 
sionals with leaching and research fnlereate In seis- 
mic stratigraphy and petroleum exploration. 

Departmental equipment Includes a refraotlon 
seismograph, resistivity meter, gravimeter, magne- 
tometer, poro meter, and permameter. Tha cantfi- 
date wflf have the opportunity to substantially add 

to his or her equipment needB. ■ ' ■ 

Present computer tacUittes Include s DE0 10 and 1 
an IBM 360-44, while a PK 3240 system with 16 
megabytes capacity Is under development. 

ODU to a state-supported university serving near- 
ly 16,000 students arid Is situated within the saven- 
clty Hampton Roads metropolitan ares that Is na- 
tloriftliy known for Its historic, recreational, and cul- 
tural faCIHles. . . • . . . „ 

All -■ ,u»h BvrvutnnnA find aual - 


Salary commensurate wnn --- • 

ficadons. Send vitae, a brief dlscusstoh of research 
Interest, and arrange to have three letters *>F r«sr- 
ened by April 10. 1981 to Dennis A. Darby, Chair- 
men, Department of Geophysical Sciences, Old 
DoriVnlon University, ! Norfolk, ,VA 23600. . 

.. Ai) affirmative aefiorifequal opportunity employer. 


Salamologlsti University of Utah. The Uni- 
verany ol Utah la expanding its geophysics program 
Lrirtln De f artn,Bnl 01 Qeotogy and Geophysics by 
JJS® ■ . e " UfB lrflck ,BCu| lV member In seismology 

oSHSSSt to a5BOCtala P«>fossor level. AppIN 
cants wilh backgrounds and specialities in seismic 
imaging and (hsorallcal seismology will be giv- 
en preference. The individual will ba expected to 
teach undergraduate and graduate courses, and lo 

students' 1 flah " rflS0Breh P ,0 fl fa m with graduate 

The department has modern teaching and re- 
search programs In geology and geophysics, and 
na8 aose associations with the numerical analysis 
and data processing groups In computer sdence, 
electrical engineering, and malhemaUcs. The geo- 
physics component of the department has strong 
research and teaching programs in electrical and 
eletflramagnsik: methods, thermal propBrtioB ol (he 
eartn, potential fields, and seismology. Current re- 
search In seismology Includes: earthquake re- 
search utilizing a new PDF 11/70 computer; monl- 
taring ot iha Intermounlsln seismic belt by a 55 *to- 
ttor i telemetered network utilizing a new on-lina 
POP 11/34 computer: major experlmenls in seismic 
refraction and reflection profiling for crustal struc- 
ture, and allied research In tecionophyets ol 
mountain building. 

Ttie closing dele for applications Is May 1, 1981 
and the appointment date is September 1981 
However, the search may be extended il a suitable 
candidate Ib not selected. In which case applicants 
lor a one-year vlslllng position tor the academic 
year 1981-82 will also be considered. 

A Ph.D. Is required for this position. 

Applicants should BUbmll a Vila, Iranscnpls, a let- 
ter describing hlatior research and leaching goals 
and names ol live persons lor rolerence. Qualified 
persons should send ihelr applications lo Wiillnm P. 
Nash, Chairman. Deparimonl ol Goology nnd Goo- 
physics. University ol Utah, Salt Lake City. Utah 
84112. 

University of Utah is an oqual opportunity.fi ffirma- 
tlve action employer. 

Faoulty Poslllon/Synoplle Meteorology. Tho 

University ol Maryland invites applications Irom 
qualified sdentisis for a tenure track faculty position 
at tha assistant or associate professor levol, com- 
mencing lain 981. Candidates must have a Ph D 
in meteorology or related areas and have an area 
of specialization in synoptic and dynamic moleorol- 
ogy. Teaching experience Is desirable. The suc- 
cessful candidate will ba expected lo loach primar- 
ily graduate level courses in synoptic meteorology 
and carry on an aclive research program Salary 
will be commensurate wilh qualifications and expe- 
rience. 

All applicanls should send curriculum vitae, n 
brief statement ol research interests and namos, 
addresses and telephone numbers of ihreB profes- 
sional references to: Professor Ferdinand Baor. 
Chairman. Department ol Meteorology, University 
ol Maryland. Collage Park. Maryland 20742 Clos- 
ing date For applications is April 15, iggi. 

The University oi Maryland is an equal opportune 
ty/alfirmatlva action employer 

Physical Solenoe. Tenure track assistant pro- 
fessor to (each physical science, geoscience and 
energy course, lor non -science majors starling fall 
1981. Background in physics and geoscience pre- 
ferred. Applicants must have a well daFinad interest 
and experience in teaching non-science majors. A 
Ph.O. and an active Interest in research is also re- 
quired. Send curriculum vitae, three letters of refer- 
ence, and a summary of research Interests and 
needs by May 22 to fl. Nackoney, Chairman. De- 
partment of Natural Science, Loyola University. 
Chicago, IL 80626. 

EO'AAE. 

Structural Qeolofllat. The Department o I 
Geosciences of Purdue University Invites application 
tor a tenure Irack faculty posillon in structural geol- 
ogy, starting in August 1 981 . Rank and salary will be 
commensurate wllh qualifications. A Ph.D. is re- 
quired. The individual will be expected to teach un- 
dergraduate end graduate courses in structural geol- 
ogy and tectonics, participate In summer Field 
courses, and pursue an a diva research program. 
Preference will be given lo a candidate with an ap- 
plied field orientation and a strong background In Iha 
quantitative analysis of field data. The department 
has aclive programs In petrology, geophysics, and 
engineering geology and haB a close working rela- 
tionship with Iha geotechnical group In clvli engineer- 
ing and the Laboratory tor Applicalions of Remote 
Senshg. Closing date for application to April 1. 1981. 
Applicants should send a resume, the names, ad- 
dresses, and telephone numbers □( lhree referees, 
and a brief statement of research Internals to R. H. 


HEAD 

INFORMATION OFFICE 

The National Center for Atmospheric 
Research In Boulder, Colorado has a position 
available Immediately for a highly akiltad person 
to manage lhe NCAR Information office, whose ■ 
responsibilities Include receiving over 25,000 
visitors annualy at tho NCAR laboratory, 
handling and initialing contacts with local and 
national media, and writing and distributing 
news releases and other Informative maleriai 
designed to generate national and local 
• coverage of NCAR activities, goals, and ' 
achievements. 

Necessary qualifications Include 
demonstrated ski in science writing for lay and 
seml-technlcal readera, in dealing with 
representatives of national media and In 
managing a mtatMaceled information function 
In a adsnlllio salting. Please send letter and 
resume promptly to Dr. G. W. Curtis, P.O. Box 
3000, BouWer, Colorado 80307. 

NATIONAL CENTER FOR 
ATMOSPHERIC 
RESEARCH 

An equal opporiunlty/affirmalive action 
employer. 
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WORLD WATER 
= Oran RESOURCES AND 

THEIR FUTURE 

* (1979) 

M. I. Vvavlch, translated from the 
ftu Uteri. English rranifallan edited by 
Raymond L. Nttce 

Three problems of malar concern are covered In 
Ihfe hook: the world water balance, world fresh- 
water resources, and ways of solving the water 
problem based on the long-range forecasts iif world 
water resources. Nol only arc theoretical aspect! of 
hydrological science of concern but also dis- 
cussions lhal will aid approach (o practical prob- 
lems. 

•416 pages • Llil price $26.00 
•20 * l discount Io AQU members 

SmdvMU orders In; American Geophyilral Union 
2000 TTnrldn Avenue. N Ul. 

Wa 1 I 1 lnu run, D.T. 20004 
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Pro Tosa Dr/C hemic at Oceanography, Tho 

Department of Oceanography of Texas A«M Uni- 
versity invites applications lor an academic faculty 
position. Tho eppoinimonl is expected to be mada 
at the level ol professor. 

Henco. applications are solicited Irom individuals 
who have demonstrated scholarstiip in research 
and teaching Outstanding applicanls suitable For 
appointment to academic ranks other ihan profes- 
sor will also bo considered, but preference will ba 
given to applicants suitable lor appointment to tiro 
higher ranks 

To apply, or lor lurthor information, please con- 
tact Professor R G Raid, Hoad. Department ot 
Oceanography. College Station. TX 77843 (7 1 3 
845-7211) 

Texas ASM University is an affirmative action 
aqual opportunity employer 

Exploration Qeophyslolat UnlversIty of 
Oklahoma, The School ol Geology and Geophys- 
ics at the University ol Oklahoma will hire an e».po- 
rienced exploration geophysicist to till tiro Frank 
and Botty Schultz Professorship, and is seeking 
nominations and applications lor the position. The 
person must bo a distinguished scientisi who has 
made Important contributions to exploration geo- 
physics through research Preference will be given 
to a scientist whose specialty Is seismic properties 
ol earth materials end who has earned the Ph D 
The Schultz Professor will provide leadership and 
guidance in establishing a quality teaching and ra- 
aearch exploration geophysics group The Universi- 
ty of Oklahoma has recently made a strong com- 
mitment to the earth sciences with the establish- 
ment of a Collage of Geosciences, to be housed in 
a new building. The School of Geology and Geo- 
physics wtif expand from ils present faculty ol 16 to 
26 faculty members by 1986. This will Include three 
scientists In iha exploration geophysics area, five in 
stnicturo-tecionophysIcs-soCid earth geophysics and 
oihere In stiaUgraphy-pateontology, geochemistry- 
petrology, and energy resources. 

Applications are due April 30. 1981. Inquiries, 
nominations, and applications should be sent to 
John Wickham, Director, School ot Geology and 
Geophysics, University ol Oklahoma, Norman, OK 
73019. 

The University ol Oklahoma Is an equal opportu- 
nity employer. 

Paleontologist. Seek half-time visiting profes- 
sor lor academic year 1981-82 to teach Introduc- 
tory course In paleontology and seminar ol own 
choosing. Appointment is lor half- lime tor entire ac- 
ademic year or full lime lor fall semester. Ph D. re- 
quired. Rank and salary negotiable. Inquiries to: 
Paul C. Hess, Chairman, Department of Geological 
Sctencea. Brown University. Providence. Rl 02912. 
Deadline lor applications is May 31, 1981. 

An equal opportunity and affirmativa action em- 
ployer. 

Von Braun Post-Doctoral Follows trip In 
*pm« PJiysloa/Unlvorsity of Alabama In 
Nuntsvllla. Appointment affective September 
1981 in a tenure Irack assistant professorship with 
rodreed teaching load during (he Aral twoyeara. Re- 
search specialty in astrophysics, planetary Sdence 
or safer lorraBtrial physics. Research support avail- 
able from UAH, NASA and Redstone Arsenal. Salary 
competitive. Recent Ph. D.e are Invited to send re- 
sume, research plans and names of four references. 
Apply to: Von Braun fellowship Committee, Office of 
Academic Affaire, University ol Alabama in Hunts- 
v»e, AL3589B. 

Equal opportunity in education and employment 

Northern Arbona University. Tenure Irack 
position in the department ol physjes. Presently 
planning early Implementation of a masters degree 
program En atmospheric sdonce. Candidate expect- 
ed to contribute to research program. Teaching 
may be in undergraduate physios program as waH 
as atmospheric sdence. Assistant or associate pro- 

is?; eoio, ST 

2ona University, Flagstaff, AZ 8601 1 . 

SERVICES '! 


Piok Hammer. Two or more orders for $18.00 
pw hammer fedudes your fettering In ^ 18 -inch char- 
Jgmlmiled hr the leather handle and sheath 
IWO.ao for one hammer + ehealh). Write or Call lor 
Wder form: Western Heritage. 101 S. Washinotori 
SI., Hinsdale, IL 80521. Telephone (312) 984-5228. 
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Sponsors of 1981 New Members 

One hundred fifty-five new members were elected be- 
tween January 1 and February 20, 1981. The AGU mem- 
bers who sponsored them are listed below. 

Five Membersi Donald Garllck. Four Members! R. 
T. Hodgson, Alexandra Navroisky. Three Members! 
Kevin P. Furlong. 

Two Members! Thomas J. Ahrens, Azher Ansari, Da- 
vid S. Chapman, Jared L. Cohon, Donald J. DePaoto, G. D. 
Garland, David J. Gorney, Darrell Henry, John R Holloway, 
Bryan L. isacks, David D. Jackson, Mark A. Jirsa, Steven 
R. Lipshie, Richard Lively, Lyle D. McGinnis, R. Meissner, 
Julio C. Ollmpio, V. V. Palclauskas. Robert B. Smilh, Rich- 
ard G. Stearns. John S. Sumner, George A. Thompson, 
Karl K. Tureklan, James A. Van Allen, Georges Weatherly, 
Harley L. Young. 

One Member! Donald D. Adams. Jagannadham Akella, 
Emmit C. Alexander, Jr., Omer Alplekin, Richard J. An- 
deria, Allred Anderson, Jame9 G. Anderson, Charles B. Ar- 
chambeau, James Arnold, H. G. Ave Lallemanl, R. C. Bal- 
lsy. William D. Barnard, Rodey Batiza, William Beasley, 
Dave Beatty, C. R. Bentley. Robert A. Berner, Robert L. 
Bernstein, Finley C. Bishop, David F. Blake, Jacques Bla- 
monl. Art Boettcher, John R, Booker, D. J. Boucher, Jr., 
Joyce Brannon, Robert H. Bruno, Kirk Biyan, W. B. Bryan, 
Kevin Burke. 


Glenn A. Cannon, Richard Kenneth Cardwell, W. L. Cha- 
meides, Marie-Use Chanln, C. H. Chapman, Edward F. 
Chlburis, John M. Christie, John Church, Robert A. Clark, 
C. S. Clay, James K. Cochran, L. L. Cogger, Stephen N. 
Cohn. Edward D. Cokelel, Samuel C. Colbeck, K. D. Cole, 
Thomas E. Croley, il, Geoffrey F. Davies, Russ E. Davis, 
Stanley N. Davis, Henry J. B. Dick, S. Lawrence Dlngman, 
Frank T. DJuth, Charles L. Drake, S. P. Duggal, James W. 
Dungey, Peter L. Dyson, John M. Edmond, Stephen Ehron- 
berg, Pasquale B. Esposito, Karl V. Evans, M. E. Evans. 

Robert C. Fllz, Edward L. Fireman, E. F, Flshbeln, Den- 
nis E. Ford, Albert W. Forslev, Edward A. Frankovlc, F. A. 
Frey, Gary Fuls, George B. Gardner, Lynn W. Gelhar, Rob- 
ert Geller, Bruce E. Goldstein, Kenneth A. Goeltel, Richard 
E. Goodman, W. E. Gordon, Denis Ian Gough, Julia B. 
Gral, Gerald W. Grams, William D. Grant, Ronald Greeley, 
Carl Grelflngsr, L. Trowbridge Grose, Gerardo Wolfgang 
Gross, Timothy L. Grove, Bradford H. Hager, Yacov Y. 
Haimes, Francis R. Hall, Sultan Hameed, Paul C. Helgold, 
Roger J. Henning, W. J. Hlnze, Steven M. Hodge, Mark H. 
Houck, John E. Hubbard, Brent E. Huntsman. 

Andrew P. Ingersoll, Marshall E. Jennings, Ansel G. 
Johnson, Noye M. Johnson, Hiroo Kanamori, Yoshio Kato, 
Robert W. Kay. M. J. Keen, Ozer Kenar, A. D. Klrwan, Jr., 
Peter K. Kitanldis, Roy W. Koch, John Lahr, A. Richard Le 
Schack, David R. Lee, Tlen-Chang Lee, Gunnar F. Lindal, 
Ivan Lissauer, Chao Han Liu, Carol W. Malyevac, Bruce 
David Marsh, Kurt Marti, Edward A. McBean, Russell 
McDuff, Dan Peter McKenzie, Mark F. Meier, Robert Leroy 
Michel, Sidney Nevll Milford, Kiyotoshl Mlsawa, Harold 0. 
Mofjeld, Michael J. Moltl, Willard A. Murray. 


Kenneth W. Nelson, Thomas L. Norris, John D. Obrado- 
vlch. Patrick Enda O'Connell, John S. Oldow, Gary R. oi- 
hoett, Peter Olson, David H. Oppenhelmer, David Parrish 
David F. Paskausky, Gary Pavlls, Eugene L. Peck, Wayne 
D. Pennington, Alan R. Peterfreund, Willard J. Pierson 
Frank F. Pllotte, Rob Plnkel, Martin A. Pomerantz, Bruce A. 
Randall, George W. Reed, Jr., Irwin Remson, Pedro J. 
Restrepo- Posada, Charles ReVelle, Rice Raymond, John 
Richardson, Randall M. Richardson, Peter Rfgottl, Donald 
L. Robey, William M. Roggenthen, J. V. Ross, Peter H 
Roth, Paul L. Rothwell. 

Richard V. Sailor, Jose D. Salas, James C. Savage, 
Marc L. Sbar, Jeffrey P. Schubert, James D. Schumacher 
Sheldon H. Schuster, John G. Sclater, Craig A. Searls, Karl 
Seifert, George H. Shaw, Marvin G. Sherrill, Eugene S. 
Simpson, James J. Simpson, J. Dungan Smith, Peter E. 
Smith, Carl H. Sondergeld, David 1. Southwood, Frank D. 
Stacey, Donald Stevenson, Donald J. Stierman, A. Stolz, 
Jurgen F. Strehlau, Wilton Sturges, Pradeep Talwanl, Mil- 
sunobu Tatsumuto, John D. Tewhey, Rory Thompson, Mi- 
chelle Thomsen, G. H. Toebes, Eystelnn Tryggvason, 
Bruce T. Tsurntanl, Jan Tullls. 

Hal L. Uffelman, Martin A. Uman, T. E. Unny, R. Van Der 
Voo, Linda Vansant, D. Venkatesan, Joachim Voss, Nick 
Warren, John T. Wasson, Jean-Robert Weber, Richard N. 
Welsman, Marvin L. Wesely, Donald E. White, James M. 
Wiggert, Peter M. Williams, Clark R. Wilson, Robert P. 
Wintsch, Steven C. Wofsy, Thomas J. Wolery, M. Gordon 
Wolman, Peter R. Wood, Max Wyss, Kung Chle Yeh, Rich- 
ard A. Yund, Oliver C. Zaflrlou, George Zandt, Elmer E. 
Zuehls, Jr. 


Meetings 


Baltimore! A City Alive 

It’s a city rich with history, boasting the birth of the coun- 
try's National Anthem In 1814. It's a city known for its 
scrumptious seafood, caught fresh from the Chesapeake 
Bay. And It's a clly lilted with charm that’s evident every- 
where you go. 

For the visitor arriving Into the dazzling Baltimore-Wash- 
inglon International Airport, it’s only an 8-mlle ride to the 
heart of the city, where all the excitement begins and 
where Iho beautiful new Convention Center stands, proud 
site of the first 1980 presidential debate. 

Only two short blocks from the gleaming Convention 
Center is one of the city’s most exciting new attractions, 
Harborplace. Located right on the water's edge. Harbor- 
place offers any visitor the best In restaurants, shopping, 
window-shopping, casual eating, and strolling. 

More than 11 formal restaurants allow visitors to dine in 
elegance white enjoying a variety of cuisines and the 
breathtaking vista of the city's waterfront. For the more ca- 
sual dining In Harborplace. there are dozens of food empo- 
riums. providing everything from fresh bay seafood to 
snacks and salads. Then, countless stores, boutiques, 
shops and stands will provide you with hours of browsing 
and shopping pleasure. 

Harborplace is a two-pavillon wonderland, skirled by a 
red brick promenade which can fake the stroller from the 
Maryland Science Center (home of the Davis Planetarium) 
to the pier of the U.S.F. Constellation, the oldest floating 
vessel of the United Slates Navy. 

Still within easy walking distance of Ihe Convention Cen- 
ter. the Civic Center, and Harborplace are tour of Ihe city's 
many hotels. Each provides lovely accommodations and a 
full complement of dining possibilities. But, if your taste- 
buds fang to wander beyond the walls of where you’re slay- 
ing, Baltimore can truly offer something for everyone The 
clly s full of fine restaurants that offer excellent cuisine 

On a more cultural note, the Walters Art Gallery and the 
Baltimore Museum of Art display some of the most notable 
artistic collections In the country. Discover Matisse, Picas- 
so. and Cezanne as you've never seen them, in ihe Muse- 
um of Arts famous Cone Collection, or go back to ancient 
Egypt or the Renaissance at the Wallers. Both are open 6 
days a week, year 'round, Tuesday through Sunday, 

For theatrical entertainment, there’s Center Stage and 
the Mechanic Theater. Baltimore's two largest theaters. 
Center Stage offers the finest In repertory theater and has 
started several or its first-rate productions on Ihalr road to 
Broadway. Equally professional and enjoyable, the Me- 
chanic provides the best shows of Broadway In a much 
more accessible location. Both theaters are just minutes 
from the Convention Center. 

Histoiy. not only of the clly but ol the country as well, Is 
broughl to life daily at some ol Baltimore's historic attrac- 


tions. Fort McHenry, home of Ihe Star-Spangled Banner, is 
Just minutes from the Civic and Convention centers and Is 
open 7 days a week. The B & O Railroad Museum and the 
Mount Clare Station take any visitor back to Ihe birth of rail- 
roading. The first passenger train operated from the Mount 
Clare Station, and some of the nation's most famous trains 
(including a replica ol the Tom Thumb) are on display In 
Ihe museum's Round House which can be visited any 
Wednesday through Sunday from 10:00 A.M. to 4:00 P.M. 

Wllh every hour of Ihe day the city feels a little more vi- 
brant and has a little more sparkle. The rebirth of an histor- 
ic clly Inlo a dynamic, exclllng, and charming walerironl city 
Is being noticed ell over Ihe country. It's a city alive, a city 
on the move. And after you've seen Baltimore, you'll under- 
stand why she Is known as the Treasure ol the Chesa- 
peake Bay. 5 


Geothermal Petrology Workshop 

The University of California at Riverside’s Institute of 
Geophysics and Planetary Physics will sponsor a workshop 
on geothermal petrology and Isotope chemistry June 25-26 
at the university. Techniques, case histories, and laboratory 
demonstrations ol petrology and Isotope geochemistry ap- 
plied to geothermal resource Investigations will be Included 
In Ihe workshop. 

For additional Information, contact L. Lovell, Institute of 
Geophysics, University ol California, Riverside, CA 92521 
(telephone: 714/787-4501). ® 


MEETING ANNOUNCEMENT 
AND PLANETARY INSTITUTE TOPICAL CONFERENCE 

PROCESSES OF PLANETARY RIFTING 

December 3-5 f 1981 
San Francisco Area 

CONVENERS; B.H. Biker end P. Martin 
SESSIONS PLANNED: 

1} Speculations as to the origin and development of rifts 
2) Constraints on r(ft evolution • setting 

Constraints on rift evolution - geological development 
%hcfyher* ntS ° K nolullon * P^dcs and chemistry of the 

S) Resources associated with rifting 
61 Our slate of Ignorance and Its remedy 

iSSTiSFl*? ** l I?' l,ed !° 60 Participants. Send applications to attend 
wlh brief, but specific outline of potential contributions to the mealina- 

eskm ws ssassr- ™ 


Travel Grants to IAGA and IAMAP Scientific Assemblies 

Deadline for Applications; April L 


AGU has received from the National Science Foundation m 
usls to the Fourth Scientific Assembly of the International*^ 3 
held In Edinburgh, Scotland. August 3-15, 198Mnflfhe3iJ 
sociatlon of Meteorology and Atmospheric PW^cSto (feW 1 
Application forms for the grants are 


travel of individual U.S. scien- 
J^^r^eomagnetism and Aeronomy, to. be 
Scientific Assembly of the International As- 
m Hamburg, Germany, August 17-28, 1981. 


JPRember Programs Division 
American Geophysical Union ■ 
2000 Florida Avenue, N.W. 

, Washington, D.C. 20009 ' 

(Telephone: 202/462t6903). 


AQU 1981 Midwest Meeting: Call for Papers 

The 1981 Midwest Meeting of the American Geophysical 
Union will bs held September 17-18, in the Radisson Ho- 
tel, Minneapolis, Minnesota. Papers and posters originating 
In or pertaining to the region are solicited. Please send Ihe 
abstract, by July 1 , to AGU Midwest Meeting, 2000 Florida 
Avenue, N.W., Washington, D.C. 20009. Be sure to identify 
the session to which the abstract is being submitted so that 
It will be distributed to the appropriate chairman. 

Session Topics 

Mantle structure and dynamics. Contact Geoffrey Da- 
vies or Clem Chase. 

Rock water Interactions: Hydrothermal processes and 
matallogenesls. Contact William Seyfrled. 

Pracambrlan crustal evolution oi the North American con- 
tinent. Contact Paul Welblen. 

Geomagnetism and paleomagnetlsm. Contact Subir 
Banerjee. 

Hydrology In the mld-contlnental U.S. Contact H. 0. 
Pfannkuch or E. C. Alexander, Jr. 

Program Committee: 

V. Rama Murthy, General Chairman 
Department of Geology and Geophysics 
108 Plllsbury Hall 

University of Minnesota 
Minneapolis, MN 55455 
Phone: 612/373-4136 or 4137 
E. C. Alexander, Jr, 

Department of Geology and Geophysics 
University of Minnesota 
(Sas address above) 

Phone: 612/376-4905 

S. K. Banerjee 

Department of Geology and Geophysics 
University of Minnesota 
(See address above) 

Phone: 612/373-3147 

C. G. Chase 

Department of Geology and Geophysics 
University of Minnesota 
(See address above) 

Phone: 612/373-5070 

Geoffrey F. Davies 

Department of Earth and Planetary Sciences 
Washington University 
St. Louis, MO 63130 
Phone: 314/889-5625 

Henry N. Pollack 

Department of Geological Sciences 
University of Michigan 
Ann Arbor, Ml 48109 
Phone: 313/783-0084 

Paul Welblen 

Department of Geology and Geophysics 
Unlverslly of Minnesota 
(See address above) 

Phone: 612/373-5120 

H. 0. Pfannkuch 

Department of Geology and Geophysics 
University of Minnesota 
(See address above) 

Phone: 612/373-5678 

W. E. Seyfrled . . . ■ 

Department of Geology and Geophysics : 

University of Minnesota . 

• (See address above) ' . 

Phone: 612/376-2844 I .- / . 

| . Absiracfs , v ’’ * V ‘ • ■' 

Use standard AGU format; (sab page 20 IgU 

EOS) and send original aind two copies of abstracts i 
• Mldwest MeetlngV2000 Florida Avenue, N,W., WashlnS 
' fyC. 20009. Abstracts will be published In few, WJ 8 


'jifeaL. 1 ' : 4 .vV 


•yfw. fcwuvvi nugiiftgw iflll UO pyuiioi iwm • 

ftiantlve rneetlfld reftjri after the meeting. There 
: ;&bstract-cf)ai^^ 5 ;^X ;^; ; -,; 7 

Si- ", ■ - ' 
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Separates 

To Order: The order number can be 
found at the end of each abstract: use all 
digits when ordering. 

Coat: $3.50 lor the first article and 
$1.00 for each additional article in (he 
same order. Payment must accompany 
order. 

Deposit Account: A minimum of 
$10.00 may be placed on deposit with 
AQU for the purchase of separates, [f 
funds are on deposit, the cost of the first 
article Is only $2.00 and $1.00 For each 
additional article In the same order. 

Separates will be mailed within 3 
weeks of journal publication or within 10 
days If ordered after the Journal has 
appeared. Separates are available for 
purchase for two years from date of 
publication. 

Copies of English translations of arti- 
cles from Russian translation Journals 
are available either In unedited form at 
the lima of their listing In EOS or In final 
prinled form when a Journal is published. 
The charge Is $2.00 per Russian page. 

Send your order to: 

American Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, D.C. 20000 
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tally local lied in the E-reglon. 

I'dophy*. Rea. Lett,, Paper 1L017S 


0460 Tldaa, vans and wind. 

LUNAS TIDES AT METEOR HEIGHTS 

in yt,n b * i “" B 1979 
.fc h ; Ky ° r *dar. At 95 lu> altl- 

tuda, tha Hz and Oj tidal wind of 2.2 n/aec and 
“'“f ““ r “ rtaarvad. Froa tha downward nh»i. 
prograanlon with altitude, tha vertical wava- 
langtb wa. aatlnatri a. 60 ,„d 25 k, for th. Hi 
and 0 , coupon, at, re.pact lv, ly, Sa..anal van-* 
“J*"' ‘j! “ I0J Ml 4“««“d. Lunar 

h^lihr ? h !a0 b, “" '«“M1 in tho naan 
n f “”° r • eho,B - Tha ■“flllwda (or th. 

"2 0, compoo.nl wan 0.22 and 0,18 L„, will, 

the nirlBin holght occurring ,t q.i Ind |A. l hr, 

SKESl Lunar 

0«pbya. Raa. latt,, Fa par 1L00S9 


Electromagnetics 


OTZO E oc tr aaagni tto theory 
IHSHAOiaTIC FLUX LZRKAOE OT A IDV1M HBHUMi 
* QB3PHTSI0AL APPLICATIONS 

8 . Hid. lO.ophy.lcnl Fluid Dynaalo. Laboratory, 

Si J ‘"S ■ *■*■■ 11 , Birknhlro 

Mu ZA2. , D,K.) 

Ibi time rnto of ghango jO*,t 4 of thi "auabgr 
of lntwontlcn-. or to. Una. 0 f faro . 

or a ■ agnatic fl.ld l with a cloud nu Praol J 
unifies , certain theoran. Mb luda dlriotly 
to n miawy and aufriclaat condition tor M lf- 
•xeiting hydroeagnitle dynamo action (Involvlar 
Inductive Intonation* between i and fluid 
aotlona) In tha al actrl cal ly-eonduc ting fluid 
'core" of a "planat", la taru cf lh* alruolura 
of J at the core surface J . n,, eondillon 
ahowB tha cruolal lapor lance or raproeanting that 
a true hire with great ancuracy In nuaerlcnl or 
daily l la al aodela of dynanon and It auggnnta that 
dynaao action night ba aaMclatid with certain 
topological propertlaa of tha pattern or tba normal 
annponane of £ on §. , th, condition also 

ladteatao Uut alaynetAc (but not nnn.aaartly 
ateadyl ugnnttc fields cannot ba utatatoad by 
fluid Htloaai aucb ftalda muat nlttaataly decay 
away, avaa in a conprtaalble fluid (nintrary to a 
raoant nlata la tha literature to tha contrary). 

Hu condition haa to ba modi Tied v ban tharso- 
•laotrta a.a.f’a ara aranant, butufaea theHa.m.f'a 
are proportional to t they cannot prevent toe 
decay of axlayamatrlc ntgnatlc (leida. Ihta 
result rafutan a raoant claim that nob ftalda can 
ha aa lata load by Haraat - Ettlaghauaan erfacta. 

The thaarea for fiCJ.jfc) alao above that whilst 
fluotuatloaa la £ can taka plana on tlmn-aealea 
down to that ( ) aanoelntad with core notlnaa 

(deoadia to nontnrlaa in thn onto nf tha Earth!, 
tha quantity W f C) cannot ebaage on tlme- 
■nalaa shorter than the Dhalo daeay Un 
( J 1 0 ' yaara). Ml raault provldaa tha basin 
of a aithod Tor aslving the tnvirs* probln of 
determining tha radius Of tha ears of tha planat 
froa observation! nf aieular ehangia In S naar 
tba Burfaon of thi planat. Tbi aathod haa beaa 
applied to tbs Earth and Jupiter, vtth enoouraglng 
result.. 

J. ij sophy a. Res., Rod. Paper 160)61 


0773 Rtmte aaanlog 

A CCHFAUEON OP BADIAT1VB TRANSFER HQSELB 701 
PREDICTING THE HJCRCKAVB EM1S8BM 7KH SOILS 
T. J. Schnigge (Hydra leg leal Sclcnoae Irnncfa, 

Coda 97*. NAHA /Goddard Space night Canter, 
Graanbelt, Maryland 20771) and B. J. Choudhury 
Tw gtMral types of uinar leal nsdsls for 
predicting alccomva emission frn aolla are 
cohered -coha rent and ooncohareot. In tba 
fomr, radiation In tba aoll la treated 
coherently, ud tha botadary conditions oa tha 
alactrlr ftalda scroaa cha layer bouadarlaa are 
uaad to calcalata tha radiation intimity, ln 
the latter, tha radiation la ansuxmd to ha 
noncobaraat, and ths intaaaltlaa of tba radia- 
tion art conaidsrad directly. Thn results from 
thi cm approaches may ba dlf fsraac bscauaa of 
the aFficts of interference, which can causa 
tha tranialttad incanalcy at the aurfaea (l.a., 
omlaslun) to bn a urn tinea higher and aaetlaaa 
Inner (or tha coherent cnaa than for tba 
noncoharroc case, da pending oa tba relative 
pbaiaa ol tba raflaeced ftalda from tha lower 
layora. This coaling bstsaan aoll Uyara In 
cha coharaat models laid! to grHtpr toll 
■olacura sampling dap tha obaaryed with thin 
type ol nodal, and In tha major dlffaraace that 
la found battMaa tha too typos ol mndsle. la 
none a ho ran c models, ths tranamlaslsa at thn 
nurlaos la detarmlaed by tha din led trie constant 
at tha air /soil interlace, Tha aidnsgsaiit 
diffarascaa In tha remits ara function! of both 
tha frequency of tha radiation being conbldared 
and tha atospnaaa al thi moisture (l.O, , • 
dielectric) gradient nsir the aurfasa. Tha 
calculations Vera parfornad at froqomcUa of 
1.4 aad 19.4 GBx and lor two Mta of mil 
pcoliloa. Little dllfirAua wna observed 
between the nodal! at 19.4 Ola I and only At tha 
lower frequency warn differences apparent became 
of tba greater soil rolatura manpllai depth 
at this frequency. 

Per tbaaa situations which have a nocieiiform • 
tenparsuiri prof 1 la, a deflnltioo lot an 
effective aaiaalvLty is given i tha ratio of 
brlghcMss taapnrAturs to tha afftctlva radiating 
C nonreturn. Tha laLtar balng i eel^Ued avarags 
tenparaenro over tha omitting depth, 

Hoasu reuse* Iron a tent ara praaaatad which 
shov oxtallent agriemant with tba ca]eniat|ona 
from da coherent modal. (RadlatiM trsnalar, 
soil moisture, remote sdBBlng) . 

Rad , . Set Papar 1NB437 ' 

• 0765 ft-oposuhsrlo PropegAtlon 
PREDICTION OF ATTENUATION DUE TO RAINFALL OH 
EARTH-SPACE LINKS ' ' ' . . , 

G. ErussaiFd (ESTEC, HoaSlifijlr, Sstharlauda) 

' A ravJaii.iH given of the ourrant State of tl»' 

■ art fn tha prediction of rainfall altanuatiofl 
on slant path.. DIffsrUt typoa oriresamh 

effort ara ld*ntl f |Ad and di*au**>d. A 
aaatausnt of data analyala aathodi and t ba ore t leal 
modale fa madd lo^rfir to identify inu'uhero 
stoat effort la naaded. Various types ;«f data ■ 
Available aro dlacuiasd (diract ittan cation 
- Maeurtagntu, radlooetrlo **«. «ln »». 
roflpoUrfty) as well ba tba modsln end mathoJj 
available to data to raUto thoae to nttan nation 
, on a satellite path. Plnnlly, PJ“dIoti«. mnthods 

for worW-wlda use ara rsvIowsd.(Sst«llIt“ i 
qomnloaUcc, radii propegatloo, attenuation, 

. rainfall), 1 ' ; i‘ 

. Rad. Scl... Paper 19DI49 . ' ' 


CtSRlfyPSEi? IWMtlun 

«!5 J™ “ 

ayatjrna nra nnnt InnoJ brief Lv Thr, 

sgsss^- 

Tho raa in Items ora obacrptlon by str.on- 

» roSc?tar; a ^ ltli0th 

Vi ufltth ' apace f« PaiJt ,o n . 

»nd. Sel., Piper ISD209 
0761 Tropospheric propagation 

air"- due to BMNr * LL m 

Iw^i^Ttaly? BOrdD,n - * 

In this review, attention la conrLned to rain 
attenuation and tn It. inHumc. on th. avail- 
ability or torrastrlnl radiocc^nun loot Ion s/steia 
oparstlng at frequsnclea above to QHa. The 
•ml lability object l vos raenntly entnhllahad tn 
tho CCIP r or digital nyHerj, | h , Infcroatlon 
naceaanry and ■ calculotleo proceduro sppllcsbla 
for systan design ara aronlncd. Various maUiodn 
Tor predicting attenuation due to r aln ora 
coipsrod and raviewad. Present tr.nda for the u.e 
or rr.qu.nci,. .tuve io c,l* i n terreatrisi nyoto.a 
ore II luatratad and araaa in .hlch Turihar nludy 
In noeilad ore IndlcatBil, 

NiJ. Sc l. , Paper 15UI9S 

0785 Tropospheric prup, j niton 

° F CLOlJD -f" n Mi':hP AHPLiruKE 
7ATH5 ,LLAT,0N 0W 1,3 41,0 CH * 

HIM "| . <P#I1 L"bwr atur Icn, frimrprd 

07 7 j 3 ) H. H. Arnold and II. i|. l|o Tf o.ir. 

The nnplltjdci dT sstolllto 
aomollmon uigtllloio . Anver ..I 

^nillft Cu ™' j,u * d 1 Ouds p.iss thro.iqn tlir 

ISimuKm 0n hl>l 1U9,B#r Thev.- 

acini I nations nave been rcemuro l v n |q 

aeler n and oar lh -»P<K* PJth using /- 

molar and 0 . 6 -holer anlcnnaa it Cr.iw?tfr.| 

" 'in X* «r«y £ ctniin.ui v n 
hi .J IHl 1 » 1.2 tines that, .at iq itiii 
conalatent with lno f 1/'3 
dopandonoe prulueod oj j mu. iuibii|,.,',t 
layer. The aclniniotion prcc.-ss n 
poliM zoLlcn-|n49pcq.|#ni .in»l ii ,1 ji ^ 
p ^59 power 9 p»olriii mjim j 
F requency jf ot..-iit O. ( h s . n 

allenuutlpn .>rtin .1 jCv-ipiiu*i , i,. 

I nt on so iclnlLll.it Ijn. 

The icon dural ton .f i: ln». , 1 1 jt i 

produced raid |j short ( it-i-m i. , i’, I 

Tor fades greater than r ,|M > . r- ,j* • . -r 

1000 fades ,r ...v-r l if. .it j M; Jf . r ^ 
otservej in in,., suseier -i.-ni.i'i. n-:,. ,s- r 

their w-ijc firqu-ri;*, I - p -jri -1 n n r ■. || lfl p 

short out fre.|u-nut t-. >i I *l pr o lu e 

repi-jtjq j j- j;cs sr, a i,.| ■ ; q ■ " 

sn:" 1 in, i h i, ii, 5 , i ^ „ 

isriinj. 

M 4*1., Paper ISOlSn 


0795 Tropoapher I-: propagation 

KMJRI7ATIM CF RADIO HAV75 Bt WCHlERIC HTDP2- 

HETC0R3 IN EAAIH-3PACE PATHS: A REVIEW 

D. C. Co« (Ball Lat>5rBtcrlas, Crawford Hill 

-ttcra-.w «, f 0. i ■ . ' ;-,lo -.ft,}- 

Many mvuirMenti 5 r esrtn-bpice rfrllo-wava 
itp>lar Lzatlon from 10 to Vj iJij have Dfl«n sad- Ln 
recent years. This review relates the results 
.Iron these Maiureraeits within the rra-vw-rk of 
Lheorotlcal raleiloriahlpa dirLveJ frcci rain ana 
to# depolar list Ion models. Ihs review ln:lulea 
Matured statistical relAtionshtps between 
dapolurlzatl.yi and rain attanuatlon ar,d contains 
ouwl stive statist lss shining the relative 
fre^Jtnoies of occurenof of rain and ic“ 
dipolar izatlon. 
tol. Scl. , Paper ISOISd 
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0)10 Irisslc r*th5da 

HICRATIOH OF SflCHC MTA EPW I !nivfW4E7«E< II 3 lODIA 
Saw 0710 Cocpulrr application, 

Leslie Hatton (Farcer ly Uaaitrn Paaphyalral CO. , 
biosran; praatntly Karlin Cacpbyaleal Co., Kitrla 
House, Co=nrc la 1 Uhy, Uoktng, Surr>y, Englmli 
Eannath L. Lamar and Iruca S. Glhlsn 
Strauss convanr Iona] rime- migration algorithm, 
are founded oa cha Implicit taiumptluo of locally 
lacaral honoginiliy, chiy laava mvants elapsalc loo- 
ad whin evirbucdep voloclty varies laterally. He 
ray- tbeorer leal depth migration pTcradura oT Hubral 
often can provide edequstn (iric-ordar cor reel Iona 
fur such position error!. Gonplix gioloplc itroc- 
tore, however, can So savaralv dlniorc Bavafrcata 
that resulting tlH-nlgrataJ iKtlons may be late- 
ly Imarpratable nnd than not readily correctable. 

A more accurate, viva- than rat leal approach to 
dapth migration then blceaei fimttal to lmlga 
tha subsurface properly. Ibis approach, which 
transfona an rmalgratad tlma iKtlon dlnctly 
Into migrated depth, marm conpletaly hnnorm the 
van equation far a medium In vtleh variation. In 
lotaml velocity and darn lie of structural abaps 
gevaro wave propagation. Whore gnoUglc mtrucluro 
la conpl tested, hnvavmr, wa umally lath an accnr- 
«* velocity medal. It la lnporiaat, therefore, to 


uo^y. " Een ! I,,vl '» of depth miration to 
taT"? lB Mriltnlar, io 

£ emL ;j u r tirr ? 4 10 '» ,h0 

df?Cn* tftprh nlRrattcn. 

wave a,t " Ike 

40 4 * Fth prop- 

i“**“, d o c P ref leci lono that aro ro«rIv ro- 

** •***»» «lr« Unrdtlm 

rosuLin Sro I. itPt Tlrmao ln.igln« 

“oraover, aurpvt singly Imemitiu., t.. 
error. Introducmd Into the voloclty model. Applica- 
tion to one Maid data eei-.plc rleronnirata! the 
superior Uaaimant of a-.plliu-ie and w.iv.-fnrn br 

5«t. 

” »■*>“'« »•"* O'" HO Influenced t/ 
■fV 3, “‘■RbuF'lM accjctuco that the only valid 
ni■^^Mnn*?. , ?r Pa I , " ra,,, * UJ '" ? ‘Statical dopth 
to depth" 1 " ,p >PSpr to convert the umlgrited darn 

When the wetburdan la leterallv variable. 

” Ji"” 1 ! BB r ’ lRrallon ”f uBStmcked data con he 

. k ‘ " Pr, ° r t0 Bl RT«‘0n. A KhlTHlc 

SI iI , !T r 5 1 ** Ch “ “ ,l * n »**«*•■» of unalncbod 

narnasarr, it .hculd n.-mlly |.« 
cor forced as a depth nlgratlon. ' 

■I trophy s le*, Vol . 4b. Kjf J 


0930 Seisnic nethodt 

•Vn'isarfffLRs x "°“ ius ™ 

2 ™iTwJ De|,, V t ' r 8 n .l.? t Ka ! erl,lt Sciwce and Hln- 
k*lly « ^4/Soj U " 1Verl L/ of CjH,( ’ r7 ’*d. Bor- 

‘5,!* f hj k shear rodulos and density 
proriloa of a layered eirtN are uniquely deter- 

V;^.KrcS h f. 4,,rfa “ Oigplacorent due to an 
irputslva SK line source. Two analytical exam- 
pi*i are giyan which reconstruct theso proMles 
•rora an analytic Surfaca data. (Inverse scat- 
tering, elastic profiles}. 

J. dtophyi. Rq,., Red, Paper 1B0162 
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yjwlTlry Of the atmosphere 

i^Sw V JIL l ii!S , ?.^ RIWW,fL 5uif ioe photodissoct- 

ATI0N AN0 THE STPAT05PHERIC SULFUR C*aE 

4 M 011 It M D del Bey, CA 

Tfcl e *■'•■■* a"d L.A. cjpone 

Tho aeroncnlc Imp) I cat Ion i nf a preKnlnjry 
observation qf weak 0CS pAotojbwrptron ahove 
270 m aro investigated. His argued that ihe 
htai! ur *? cr ®*2 a^ciloi* Il ccnslstent with a fnr- 
hldd.n transit Jen in this wiva length rag) on. 
Hodel calculations are njd* r 0 r the «S photr,- 

dlllSik 4 , 1 S" r ? t «* ln daylight, the OCS and 50? 
distributions In lh. upper almatphere, &ntf the 
budgets of sulfur In the stratosphere ini 0C5 In 
Mrlous «lr«*latlws 

of the reeaiured OCS abiarptlon cross section, 
and qusntin yields la irnjer wavelengtni. It |, 
shown that wrak OCS abserptien above too nn tan 
have InpcrUnt consequences for all of iheio 
quantities. iabora»ory and rield e.peri*ents 
are Idoriifled which night lead to a bei'er 
urUers land Inn Q f the airoipherlc 0 C 5 litir 
J. 4<eoph)ri. Pos., 'Ireen. P*i«i IcOJJi 
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J. Pudolph (Inacliub *Ur Chenie: At- 

i«E S' •'“'“^■chunggon- 

l»gm JUlich CriH, Postfach 19S3, 

D-5i7o Jauch. rnai d,h. Ehh»ib, 

A. Tt5*nnia«an 

o ® tr *fc°*Pli*Pkc cadauraranta of tha 
“P to 3 □ kn , and of 

I* 1 ! C l“S Dllxln 9 ratio up to IB kn aLti- 
orfLmftf ™P«“ed; Th# ohaaevad vertical 
C 2 H 6 ** a ' uch “oaker thin 
timt calculated* fron a l-D ■ toady atats 

o( d Mor,!2 ,1 l£| ti ? 9 1W,r “"OiOtMUSM 
of atonic ch Lor lna in tha lowar mtrato- 
aphera than predicted by rodelg. Free 
C 2 !i « P r0rll ° * tantatlva 
SbIIvIh 5ml concantrnt ion l. 

Mil? «MrABO»pherlc ethane reaaura- 
If propane t-oaaura- 

mnea, Cl-radical prof Ileal. 

J. Caophya, ti,., Ceaan, Mpar 1C0462 
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Geodesy and Gravity 

1910 crustal So««=anta 
uruitD PMcist chav in HusmuEtrre at 
VANCOUVER ISLAM'. BRITISH COU7QM 
H. Dragait (Pacific GegaEWnrc Caotra, Earth 
IhiMcm Branch. Pape. „r En*r*/, Kinta and 
EaiLulcaa. P.O. loi 60[», Sldnay, B. C. 
fuada V9L *61) A. Ladbart and J. l|ard 
Oc-ar tha past thraa yaara, rapaatad piaclaa 
ira.lt> Daasurasroia have Itea uda on Vaacovivar 
lala-iJ. tciclah Uliebu, to taat a practical 
(laid trchnlice lor prcciaa gravtoatrlc aurvay* 
anl to conlt Ot t«»slblo gravity changaa aaaoclatad 
klih contaapprary truatal drlancatloo. In ordar 
Coobiilo a praclalon /or eaaiutad gravity 
Jlllarancaa of a lev niciagala (1 uGal p 10 
<»”/a*), rlgaroiia (laid avrvay proraduraa uara 
relieved sod tlta cgacatteR Otnultiltilti aj^ 
calitiatloa rm-llnaarltlaa ol tha laCoaca and 
Efgarg Modal p giovlnaccri vat a taken Into 
account, Inatruaanc a valuation led I cat a that 
al(houg), tha atandatd error ol the saaa ol sa.aral 
gravity t lea la 1 .5 to 3.0 vGal for an Individual 
tnatruneni. tha ptuaant acMavaSle accuracy of 
tha nodal D grarlaatar Tor tha BBoaurcoant ol 
taiporal giaxllv changes la ] to * „Ga] , provldad 
tha dial aaitinga of pravl-ma aurvayi are lo- 
om red or both long and abort vjvelangth nin- 
lljtrorlt tee to cal thru Uo can ha apaclliad. 
lol-rniul Jurveya of tha cantral Vancouver 
Island raglrn Indlrata Blgnillcot temporal 
rirldt Inna oar tha plat thraa rear*. Cray Itr 
tbingia aa larpr aa to i rjl at atcea adjnernt to 
lUa ahoioitnea an caotad hr tha uag alfea of 
changing vator letala anJ can ha accounted lor by 
alipla widal ralculaitr-na. a gravity alfact of 
aatacDal changaa In proiavhaiar lavcla la noi 
iirnl 1 1 1, Me lit the data, although rulrmun 
nateuil a Ilea sta underlain 1/ pciooi aadlwola 
aab]«-:t lu aaaa>nal water labia I Induct fena of I 
or Z e tAlil. ara aafactrJ u tacie gravity virl- 
•il'.Bf fl the rrJcr el 1(1 iCjI. g apat tally 
cotarrnt paitite ol Iniger-iaia pravlty rrcndi la 
Initiate,] in tha «.,ih«tn nrtw.rk ultor correct- 
4t"» hg.a haan Mia tor last suae rhnngaa. Ihe.u 
Irrnda can ha MteipiatrJ In ivcm „( relaiHt 
alavgrlna rban/ai of the nr Jar of J ca/a belvaan 
®pl*4a Labe end I he arai (■» (Aa iRirttycat. Aliat- 
Bailee lr. a change in dcnaliy o.iac-j by ercular 
chbtgrg ol «4i«r <.ni«rnt In fin. lute i.ntx or hv 
rneplttilno IM-uh m acr.nulatlrn ol stnie 

tuvld elan • *,,* the .biarvrd greeliy tiendf. 

J. lir-ipbn Pe|.- P I8U37J 

1,1 "h-eerrei line |.. 

tp' tl 'll :■ !">) |I"II01, 

" ,rwu l | "fHlur.irf. (P«y 
".H. Itenpii ir.nl Kliuvii InttHuia nr rcnpiival.e 

wav. 

rT. 1 !* ’ ■ 1,,r ■lallnmi h«ve 

l!" I']* 1 If* 1 ‘«r the Sue. 1 1 * f Motftu nod 

*? **• *■» Meunlalaa. Ihs . 

■ ’.autr on-vuly pet rent Irlloue M( , ar 

** OR * , J Wloa* range Iro. *n 
to *ia.i eg.il i eel Ureaar hurl Hurd. 

, '” J J/ r '** ,E r orroBB the ..phial lie are 

LV.SlVA*./ 1 ''' ST"* ,b * ,0,T ln4 «»«-»■ S- 

? * «•••«* iroMIe esleMlog 111 le no t tHn,S 
■ICM lore r<> liiHH ai>d lalo t»r Calf aT n— . i 
ihova cup vrclrlrr Ijcjh. I bmuI| ( i (egi m , . 
tha amt hern lolled eph^ollte eappe, and *110 
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cgala naar ire ehorel Ire at Kuseut ) that arv 
aaaocleied with two nappra of tabular fore. The 
“PM ara nearly coot (nuoui. and lhare le no 
avidance thee they ora rooted In tha onmle. The 
gravity high eeroan tha loutharn nappe la centered 
over tha axis ol tha aynfara fnaxlnua neppo 
Ihlcbnoeo); He position over the ga bb ro- 
per ldat lie contact rotl.er than over the pctldo- 
tlce Buggaaio extonaivo aerpeat Inltat Ion of the 
pertdorlt*. At the southern end of tha prollle. 

In tho Ibra Dona area, tha oegattva Bovguer 
annnaly (-10 to -IS ogalal Is Interprattd as an 
tnfracaohrlea salt plarcaceat slallar to thoae 
In tha Zagroa Told halt. Ceologic udellng of 
tha etln gravity profile provide a a good correla- 
tion In terna of loot-ti tMckoreaes or the oappobla 
aphid lte units. Ths natuce of the gravity 
anoosly acroaa tha continental nargln JnJlcltaa 
a tranaitlon froo "-.l-ln thlcb continental rruat 
to a thinner (lb- Id to) oratnle crust. 

Tha t*n gravity profile! In tho north fcvan 
ragion ah-u a doublet of posit I ve raalduil 
Biuguet annul lei (+10 to +00 ngols). The anocix- 
llea cotielate veil with lubricated ophiollta 
expaauree, a remit of law- ingle thruetlag caused 
by strong copre salve force*. In the absence of 
tcnricate thrusting, the gravity prolllo In tho 
cantral region has only one largo positive 
residual B.ruguer a/tonaly (*1J0 opals). The 
anoDiliat or all the Tour prof lies oca further 
analyzed to elucidate tho nappe- transport 
dlarancsa. ICravliy, ophiollta, atmciure, 
lithosphere). 

J. Ccophy*. Rei., Bed. paper ZBCWJ7 


Geomagnetism and 
Paleomagnetism 


Z5d0 Spatial vac let Iona attributed to aaa floor 
■pr aiding 

A WTO H HKttne VOLWtT tire BCMS BOB Till 
PAlXOCBaAK) I AMT Z ca IE MID WUCATlONB TOR 
PAcmc iwtb wmow 

fc,t *' r «nd p. j. CDnay (Doparbaest of Oao- 
•claneei, Uilvatalty of Ar lions, Tucson, AS 61721) 
Hagnatoatrablgraph le gtudUa of a coatlimntal. 
•odlaantaty itguanoa In tha darh'a rwk Bailn, 
3S*" 9 " tr,n * ■•dleonlary sequence at 
aihblo. Italy indleato that tha Paleooena-Boeena 
kowdarv oetura Juat atratl^apMcally abort 
nornal polarity tones oorralatlva with Mcaetlo 
annaly » chron. These data Indicate that Ua 
older boundary of anooaly 21 chreo la 52.S Ha. 
lhlB ago U ycuagor than the lata Pel eocene age 
assign ad by LaBmoguo at al, (1977) and also 
ywngsr Uan tha basal Eocene ago assigned by 
Hun at al, 11*01 . A rev lard aa^iotlo polar- 
ity tine aula lor the nlagcena and early 
■Octna la praaeolid la this paper. Several 
rel * t,Vr * "**“ «r»tui batman 
tho Pacific plate and neighboring plate* oc- 
curred to the Interval batwetn umaly H nd 
anuaiy n. annjor change (n abao lute ant ion 
of the Hdfio plate la Indicated by tha laid 
in the uml laa-toperor aamowit chain at <1 

J*" r »Uad negnatle polarity ttoa aula ' . 
bdldatea that tbo abulnta notion change Uq. 

Prtatiu notion change ■ by only ari-5 e.y. 
ratbar than ly »lf e.y. aa todlutsd by pra- 
eleun polarity klu ualta. ^ 7^' 

Sisphye. Ha, Lett., Paper 4Q}28 
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1560 Tina variations, psleoaagnaclra 
AS INVEST I QATI01I OP THE RDUNBNCB CHABACTBIII- 
TICS OP TUBE SEDIMENTARY UNITS OP HIS SILURIAN 
HASCAREME CROUP Op NEW BRUNSWICK, CANADA 
J.L. Roy (Caoaagnec le Laboratory, Dlvlaloa 
al Caoaagnatlaa, Earth Phyalca Branch, Oetaua, 
Ont,, Canada XU 0T1) P. Anderson 

Thermal, chaalul, altarnatlng field (AT) 
and two-ataga (AP followed by thermal) 
aipertoenta vara performed on It altaa 
(217 apactotns) of tbras aadlmontory units 
(Groups A and 1 and C) of the Haacarana Group 
of aonthweatarn New Irunovlek, Groups A and B 
of PaohroLa age (lata Lata Silurian) apparently 
carry a dual polarity Initial raBaoanca yielding 
a pola ar 087*E,OJ*S. Group C of probably 
Uauaig aga (older than Pembroke) carries a 
aagnatlte resonance and a haaatlto ramaneoce 
with tbo former probably being eba initial aod 
yielding a pela at OM'l.lB'S. Thio would 
Indicata a pola shift of erne JO* southwards 
relative to tha aaspllng area during the Upper 
Silurian. Id agcaannnt with tba hypochaala that 
considerable polar shift took place during tba 
Slluco-Oevoolaa period, 

Tba extensive experimental work (oVar 
A, 000 treatments) daaonatntaa tha n*nd to uae 
several techniques la tha pursuit of tho 

aaguatlc hiaiory of tha rock. For example. 

If th* work had bean limited co tharwal 
traatmaot up to BSO’C, ao ovarprlncad or aora 
llValy an apparaat raaaoaoca could conceivably 
have bean miicikan for the Initial ramananca. 
Convaraoly, tha considerable information 
gathered through tha uaa of different 
techniques allows one to advance and modal 
tbs nose probable scenario of rananeiica 
acquisition while contributing additional 
knowledge about tha magnotlc characteristic! 
ol sedimentary units. 

Results from this Investigation. Including 
thoao of s Kaacarene Croup Intrualoo also 
reported here, ara discuaaad la the contest 
of Slturo-Devonlao poles of North America. 
Different options are open to tha Interpreter 
attsatlAR to tbs difficulties In estsbllahlni 
both (he rock and remonance agaa, IC la 
concluded that more dato from datol led 
luvoacl go clone ara naadod hofore the 
evolution of tl.n eastern xoahMrd and the 
Appalachians can bo rot raced bv paloumagnvi le 

avaos, ' I 

J. Geophye, Ml., Rod, Papor 1BU10 


IMP Ganatel or miaaaUanaaua 

RBuimrr haohetization op abh ton to* i* hat ijw 

ESUFIin OF haiWT ST. HXLERB 

William K. Steals (Departs sot af Caology, »Mtatm 
Weiblsgton University , Chaoay, Washington 9900*) 
Ash from tha IB Nay 1980 eruption of Hooot flt. 
Helena deposited from air faithfully (acerda l "» 
direction of tha local geomagnetic field to eas- 
tern Washing top, whereas ash aattlad from ivapau . 
■tea in water ta fluvial anvirpamptitm enhibits 
significant Inclination sad eurrant-rntatiosi 
at tori to aegnetlc direction similar Umaa. 
ra per cad in ocher aubsqusoualy dapoalted aadtaant ■ 
Tba currant-rot at ion. mrcora are aaaoalmtad with, 
partial' aligneent of, tha major *xaa of magnetic 
auacapciblllty to thp dlraatloo of water curnuta- 

B I* ear la 1 dmpeaLclea product! atteiig a table 
' remaosflt magnet list ion ln.aah with or without 
poatdapoal Clonal wetting by tala. (lmmadant.mBf - 
laatlxatim, voldaaio t aah , ' lacllsaflon error). -| 
Qoophyd-. Rt^; Lett. . Paper 1U?« . 
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News 


Destruction and Recreation of Black Holes 

Even though the existence of the gravitationally col- 
lapsed concentrations of matter In space known as 'black 
holes' Ib accepted at all educational levels In our society, 
the basis for the black hole concept Is really only the result 
of approximate calculations done over 40 years ago. The 
concept of the black hole Is an esoteric subject, and recent- 
ly the mathematical and physical frailties of the concept 
have come to light in an Interesting round of theoretical 
shuffling. The recent activity in theorizing about black holes 
began about 10 years ago, when Cambridge University 
mathematican Stephen Hawking calculated that black holes 
could become unstable by losing mass and thus ‘evapo- 
rate.’ Hawking's results were surprisingly well received, 
considering the lack of theoretical understanding of the re- 
lations between quantum mechanics and relativity. (There 
Is no quantized theory of gravitation, even today.) Nonethe- 
less, his 8emlclas8lcal calculations implied that the rate of 
‘evaporation’ of a black hole would be slower than the rate 
of degradation of the universe. In fact, based on these and 
other calculations, the British regard Hawking as 'the near- 
est thing we have to a new Einstein 1 [New Scientist, Oct. 9, 
I960]. Within the last few months, Frank Tlpler, provocative 
mathematical physicist at the University of Texas, has reex- 
amined Hawking’s calculations [Physical Review Letters, 

45 , 941, 1980], concluding, In simple terms, (1) that be- 
cause of possible vital difficulties in the assumptions, the 
very concept of black holes could be wrong; (2) that Hawk- 
ings' evaporation hypothesis is so efficient that a black hole 
once created must disappear in less than a second; or (3) 
that he, Tlpler, may be wrong. The latter possibility has 
been the conclusion ol physicist James Bardeen of the Uni- 
versity ol Washington, who calculated that black hole 
masses do evaporate but they do so according to Hawk- 
ing's predicted rate and that Tlpler’s findings cause only a 
second-order effect on the rale process [Physical Review 
Letters, 46, 382, 1981]. 

The concept of a black hole Is that as a huge dead star 
collapses under the acceleration of its own Intense gravita- 
tional Held, and its size Is severely reduced, its density or 
concentration of mass becomes incredibly large. The mass 
concentration Is ‘black' because matter cannot escape from 
Its Intense gravitational field; even light Is held captive. In 
theory a black hole Is thus Invisible and undetectable by 
most means. Any form of energy or matter within range of 
the Intense field will be captured and unable to escape. Al- 
though a black hole is an Ideal theoretical object, In a 
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Note “V similarities between the two photographs? The 
£H' aph waa taken. In the Dry Valleys of Antarctica (outer 
Anl^rtiL ,ii uan Pond - South Fork, Wright Valley, Vlctorialand. 
SS? 34 ' 5 ' view toward. northeast). Suriafce .. 

The ^ulptured by wind action producing venllfacts. 

Ulooh wT.P 10t09rfl P h 18 from (he Viking 2 lander site on Mere at 
££ (48°N, 226°W), The surface rocks have been sculp-. 
Pisa &f o/m! 08 ” 00 * Processes. Studies were cohduoted and earn- 
of foo* 8 , and cores were collected from the Dry Valleys 

flram on S n “"nectlon with NASA Mars Data Analysis Pro r . . 
Sspjav i. a ^ dle ® 01 Planetary surface analogs. .These ■tataBP’Qf 

of L the cold-dry environments aasoc!ated^wMj»th 

Jr «, NASA i® r0 P^ artd Information bourfesy of Everett K. Gibson, 

1 LVorinn D llui. ' ~ ^ u I,-- TaVDO ) 


sense, because there Is no way of observing and therefore 
of confirming Its existence, If It actually exists, its Influence 
on stellar space should be fell, and thus indirect evidence 
of Its existence should be obtainable. For example, as mat- 
ter Is caught within the outer portions of a black hole's 
gravitational field, the response of that mailer to the field 
and to being swept Into the mass ol the black hole should 
be detectable. Astronomers think they have observed high- 
energy radiation that could have been released by such 
matter, and the location of several black holes may have 
been determined. Until the existence of black holes is satis- 
factorily substantiated, however, they remain, for the most 
part, subject to theoretical reexamination. 

Hawking's calculations seem to have had a positive ef- 
fect on black hole plausibility. His combination of quantum 
theory and relativity that resulted in the evaporation hypoth- \ 
esls showed more than ever that black holes should exist, ) 
even though a relatively slow process for iheir eventual de- 
struction was Identified. What Hawking concluded was that 
In the Intense surrounding field of a black hole, pairs of \ 
matter and antimatter particles would be created. He calcu- 
lated that one such particle could, at an ever-increasing 
rate, escape a black hole and leave the Influence of its \ 

gravitational field entirely. By this process, the black hole '■ 

would lose mass and energy and eventually not be a black i 
hole anymore. Its size would become too small, and it I 
would release light and self-destruct. The question today is 
not whether such a process of spontaneous formation of 1 
particles and particle loss would occur, but what Is the rate 
and the time scale lor the process. 

In Frank Tlpler’s calculations, the process of energy and j 
mass loss of a black hole is so rapid and efficient lhal a 
black hole equivalent in mass to the sun would evaporate i 
In less than 1 second. Tipler’s efforts in reexamining Hawk- 
ing's theoiy are among many In recent years to analyze the j 
approximation of ihe effective energy-momentum tensor lor 
the process. If the semiclasstcal quantum effects on (he 
space-time structure of Ihe process are omitted, Ihe result 
is a mostly classical analysis of a space-time bending, or, 
as It were, of the very ‘space-lime warp' that causes forma- 
tion and evolution of black holes. In playing with ihe con- 
cept, Tlpler found that if Ihe effective stress-energy tensor 
of Hawking radiation ['evaporation'] has negative energy 
(required by overall conservation of energy) as expected, 
then an evaporating black hole, Initially of one solar mass 
In size, must disappear in less than a second. He conclud- 
ed therefore that black holes may not exist at all. He also 
suggests that predicted quantum effects could preclude. the 
formation ol black holes. On the other hand, he concludes 
that the quantum effects could be sufficiently complex to 
form black holes and to eliminate their evaporation. All 
these conclusions would naturally Indicate that Hawking 
was wrong. 

Bardeen did not examine the two of Tipler's possible 
conclusions to the effect that poorly understood quantum 
effects could prevent black holes from forming or that poor- 
ly understood or unknown quantum complexities could 
eliminate the Hawking evaporation process. Whal Bardeen 
did examine was Tipler’s main conclusion that the evapora- 
llon process, If valid, would result in a rapid Instability of the 
black hole. Bardeen demonstrated mathematically ihe qua- 
slstatlonary nature of the structure as proposed by Hawk- 
ing. The result Indicates lhat Tlplar’s second-order correc- 
tions for the evaporation process do not affect the stability 
In a malor way. Thus for the moment, Hawking's calcula- 
tions, which showed that black holes evaporated In a time 
longer than the age of Ihe universe, are substantiated, a re- 
sult that Is the ‘most exciting development In general-rela- 
tlve-theory during the past decade [which] Indicates a deep 
connection between the apparently disparate disciplines of 
general relativity, quantum mechanics, and thermodynam- 
ics’ [Physical Review Letters, 46. sup .].— PMB $ 

Prediction of Peru Quakes Rejected 

In its first evaluation ol an earthquake forecast, the U.S. 
National Earthquake Prediction Evaluation Council de- 
nounced the prediction by two geophysicists that a series 
of malor quakes will occur In Peru this summer. Brian Bra* 
dv of Ihe U.S. Bureau of Mines made ihe prediction on the 
basis of a mode! of rock fracture. William Spence ol the 
U.S. Geological Survey worked with Brady on the investi- 
gation of Ihe tectonics near Peru. Despite the council 8 rul- 
ing, Brady maintains his prediction. 

M satlna at the request of Ihe Peruvian government, the 
council evaluated the predictions that seismic acjMly ' (mag- 
nitude 4.5 or greater) ofl Peru's coast will Increase by mid- 
May. This Increased activity will signal the 8 * art ° , a ® ® ' 
queries of three earthquakes: a magnitude 7.S-8.0 event 
on or about June 28, a magnitude 9.2 event on or about 
Augusi 10, and a^ magnitude 9.0 event on or about Seplem- 
ber 18. Brady and Spence used the Kanamoori seal®, 
which is equivalent to the Richter scale below 8.0 bul ls 
rr,rir<a an'HTflt R above magnitude 8 because it accounts tor 
" P8 “ vlan 8 ov6,n ™ nt *■ 
request to Ihe U.S: council jn response to. public apprehen- 

the council ai M M 
26-27 meeting In Golden, CJolo., was the ack ol documjn- 
f tho prediction 'We are particularly distressed, that 
girt thls predteS ta been publicized In various 
farms for several years, nothing in the scientific literature or 
S'XKffibm has been made available to this coun- 
Si on fhadStelled theoretical basis and methodoloa) r of the 
n ' ion nrariirtlbn as currenlly formulated, according to 

: ,U " f 0 ' ^ TT 1 ' 

hfl low. 1 ILM.U . nj.ill.9 nf mom I. 


Official Earthquake Council Statement 

The following is the statement Issued by the National 
Earthquake Prediction Evaluation Council on January 27 
(see story above for details). 

At the request of Ihe Government of Peru, the di- . 
- rector of Ihe U.S. Geological Survey has convened 
the National Earthquake Prediction Evaluation Coun- ' 
oil to review the prediction of a major earthquake in 
Peru. Specifically, the prediction by Drs, Brian Brady 
and William Spence states lhal a series of large 
earthquakes will begin at the end o< June 1081 , ofl 
the coast of Peru. 

The sequence is predicted to contain a magnitude 
7 .5-8.0 event on or about June 28, 1 981 , a magnl- ' . 
tude 9.2 event on or about August 10. 1981, and a 
magnitude' 9.9 event on or about September 16; ; 

1981. The predicted epicenters of these events are 
ail near Lima. We understand that if there Is not a 
substantial Increase in the number of earthquakes of 
magnitude 4.5 or greater in a specific area off the 
coast of Peru by mid-May 1981, Drs. Brady and 
Spence will withdraw Ihe prediction. 

The members of the council are unconvinced of 
the scientific validity of the Br&dy-Spence prediction. 
The council has been shown nothing in the observed 
seismicity data, or in the theory insofar as presented, 
that lends substance to the predicted times, loca- 
tions, and magnitudes of the earthquakes, 

The council regrets thal an earthquake prediction 
based on such speculative and vague evidence has 
received widespread credence outside the scientific 
community. We recommend that the prediction not be 
given serious consideration by the government of 
Peru. 

We cannot say with complete confidence thal ma- 
jor earthquakes will not occur at the predicted times, 
but we Judge the probability of this happening to be 
very low Indeed. On Ihe basis of the data and inter- 
pretation currently available, none of the members of 
the council would have serious reservations about 
being present personally in Lima at the times ot the 
predicted earthquakes. 

We are particularly distressed thal although this 
prediction has been publicized In various forms lor 
several years, nothing In the scientific literature or In 
other written form has been made available to this 
council on the detailed theoretical basis and method- 
ology of Ihe Peruvian prediction as currently formulat- 
ed. In fact, ths prediction specified In a memorandum 
by Dr. Brady on May 1 , 1980. Is quite different Irom 
lhat presented orally at this meeting. 

Our rejection of the specific prediction by Drs. Bra- 
dy 8nd Spence should not be taken as minimizing the 
risk to lives and property from earthquakes in Peru. 
Since its founding, Lima has experienced many 
strong earthquakes, and others must be expected In 
the future both there and elsewhere along the coastal 
regions of Peru. Despite the continuing need to pre- 
pare for earthquakes in Peru, we do not recommend 
any special measures In response to the Brady- 
Spence prediction. 


scripts on his 7 years of work on the model and thal he will 
probably begin publication within the next 6 months, ap- 
proximately concurrent with Ihe third predicted earthquake. 

In addition, the council said it is 'unconvinced of the sci- 
entific validity' of the prediction. ‘The council has been 
shown nothing in the observed seismicity data, or In the 
theory Insofar as presented, thal lends substance to the 
predicted times, locations, and magnitudes of the earth- 
quakes.' The council recognized, however, that In the past 
Lima has been subjected to strong quakes and will proba- 
bly experience them in ths future. But the council fold Peru- 
vian officials, 'Despite the continuing need lo prepare for 
earthquakes In Peru, we do not recommend any special 
measures In response to the Brady- Spence prediction/ 

Brady said he will withdraw his prediction If seismic activ- 
ity does not Increase by the end of May or early June, as 
he expects. Otherwise, he holds last to his loreca&l. 

‘It Ihe first event does occur,' he said, 'there'll be no 
doubt In my mind about the other two [earthquakes]. 1 How- 
ever, 'It the first event does not happen, then the probability 
of the other two is zero or very small.' 

Spence’s role wa9 lo look at the prediction that Brady 
made and lo determine If it was plausible, given the re- 
gion's tectonics. The large earthquakes are possible, given 
the tectonics pf central Peru and north Chils, Spence told 
Bos. However, 'I think there's a very small chance ol the 
predictions being correct.’ he said. 'Even if there’s a smalt 
chance, however, the risk Is extremely great, ’ he explained. 
In light ol the prediction, ‘keeping an eye on the zone' lo 
test the prediction would be Very pnJdent/ he added, 

1 think scientists should be very careful about Issuing 
predictions, because of the soda! consequences Spence 
commented. He noted that predictions should be supported 
with well-documented details. , 

The council was established In August 1979 lo ald the 
USGS director In Issuing format predictions of earthquakes.. 
Clarence Allen of the California Institute pf Technology Is - 
chairman and John Fllson of Ihe USGS is vice chairman., 
Other counqll members participating In the evaluation. were 
E. R. Engdahi, USGS; David Hill, USGS; James SaYags, 
USGS; C. B. Raleigh, USGS; Thomas V. McEvilly, Unlver- 
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sity of California at Berkeley; and Lynn R. Sykes. Columbia 
University. Members ol the council who did nol participate 
are Robert Wallace, USGS; Kefili Akl, Massachusetts Insti- 
tute of Technology; T. Noil Davis, University of Alaska; and 
Nell L. Frank, National Hurricane Center in Florida. James 
Rico at Brown University, an authority on the physics of 
rock failure, attended the meeting at the request of the 
council .— OTS '©. 


Venus Cloud Studies 


Observations of the pattern of atmospheric changes on 
Venus nave been made on the basis of on 2 years of Pio- 
neer orbiter data. The results indicate a long-term period of 
change tor both the planet's wind patterns and for the exis- 
tence of o haze layer above the cloud tops, according to a 
NASA release. The Pioneer orbiter has taken about 
1000 pictures of Venus clouds and extensive measure- 
ments of the particles comprising those clouds. 

Among the mosl noteworthy of the results is that Venus' 
planetwide wind patterns change dramatically over a period 
of severe! years. Two pallerns have been discerned; a mld- 
atltude jet stream pattern and a cloud and wind pattern 
that acts like a saJid body. It was also observed that the 
high-altitude haze layer, which compielefy envelopes Ve- 
nus clouds, appears and disappears over several-year pe- 
riods. This haze Is a smog layer’ extending above the main 
cloud region by about 30 km. This altitude on Earth would 
be woll into our stratosphere. 

The Pioneer Venus orbiter Is expeclad to return plclures 
and other data until 1985. The orbiter reached Venus In 
December 1978, and the four Pioneer probe craft entered 
ino atmosphere at the same time. Cloud pfcluros and polar- 
imetry data are provided by the cloud photoporarimeter 
A multiyear change In the pattern of global winds, and 
similar changes in the planet -wrapping haze layer, could 
help explain other features of Venus' atmosphere, such as; 
Why. on a planet which has almost no axial rotation, do the 
upper teve! winds circle the planet at tremendous speeds of 
r™ ™6se winds cover the planet completely, blow- 
ing at virtually every latitude from equator to pole. Their 
speeds can be determined from the speeds at which the 
clouds, carrlod by the winds, (ravel around the planet Wind 
®5®? d measurements from , op (0 bottom of the atmosphere 
, 0U f p ! 0, ] 8Qr Prahe craft show thai these high-speed, 
cloud-level winds are coupled lo lower- altitude winds, whfch 
also have very high speeds. 

_,™ e h cfoijcf level winds blow around Ihe planet 
T W,nd spaeds th9n wnge down to 
. a , l 50 ' km altllude and to a still very high 80 km/h 
r!n°n kr » a l j! ucfG - J he mass ° r the moving atmosphere 

lhase . hJ 9*i*fP0ed winds is several times that of 
the enure atmosphere, ft represents about a quarter of Ve- 

EarthT 09Ph6re ’ Wh ' Ch ‘ 3 aboul 100 timas dans0r tha " 

! h . flse high ' speed - upper-level winds, 
noirEh! ^ , Van H s tremendously dense atmosphere 

near the planet s surface is almost stagnant. From Ihe sur- 

istm 1 al,il l Ude ' wind s P eeds arB only about 3 to 

be '22XSE* w ay ‘ , lhS h,gh ’ s P eed w ifld s can now 
SiJ d - 8 f 56109 dUB Ehe hansfer 0 r momentum 
slow-moving. massive, tower atmosphere to 

fhaMho d6S Wh0re ,he atmos Phere is less massive so 
Jha VrtT mo ™ en,urn results in a much higher velocity. 

® G09 . arm ohanges in global wind patterns, and the* 

muwil ™ 326 V B , 0pB Whlch a PP® ars and disappears 
could be responsible for the planet’s high-speed winds Anv 

h U fl vfl 0 ^n a^e ? , at ™ Dsphsre circu,all °n model for Venus' will* 

Soud P«te, ns" l0n3 ' lern1 Chan983 ln ™ nci and 

. ® e ‘° u ' f 1 5" f? details ol the major findings from (he 
2 y ®,f, of l £® Venus cloud and polarimetry dala. 

mw 1 riniEr° W c ear . thal 1hB high-speed movements of Ve- 
around the planet are not caused by wave mo- 
bons in the atmosphere, as was previously thought but are 
eal winds, though there are some wave motions as well 
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tudes) carry heat, absorbed near the Venus equator, from 
the sun to the poles. 

The observed speeds of equator-to-pole winds agree 
with the wind measurements by (he four Pioneer probes. 
According to the NASA report, this indicates that the cloud- 
level winds are the upper limb of an equator-to-pole Hadley 
cell circulation loop that carries Venus' equatorial heat 
poleward. 

• The so-called global T pattern of Venus clouds, with 
the tail of the T extending eastward around the planet and 
Ihe arms westward, appears at times, but Is not typical. 

The 'Y' was first seen in ground observations. Sometimes 
Ihe ‘Y,’ which occasionally extends two thirds of Ihe way 
around (he planet, disappears completely. At other times, It 
Is so changed that it forms a *C‘ or other shape. In general, 
(he planet shows a whole range of global cloud patterns in 
addition to the ‘Y.’ 

• In addlllon to Its well-known veil of clouds, 2 years of 
Pioneer polarimetry measurements show that Venus Is cur- 
rently enveloped In an 18-mlle-thlck blanket of hlgh-altltude 
haze. The haze Is present everywhere, but has about 3 
times more particles per unit volume at the poles than at 
Ihe equator. At the poles Ihe haze is so thick lhal It ob- 
scures the base clouds beneath It. This haze of tiny sulfuric 
acid droplets is Ihe 'sealer' of Venus' greenhouse effect, 
holding additional heat beyond that which would be trapped 
by the clouds and atmosphere alone. The planet's 484° C 
surface temperature would be somewhat lower without the 
haze. Furthermore, Inclusion of haze effects makes the Ve- 
nus heat radiation models developed by scientists match 
ihe cloud top atmosphere structure observed by the Pio- 
neer Venus Instruments. 

Venus' main clouds consist of sulfuric acid particles 2 mi- 
crons in diameter, while in the haze layer the particles are 
smaller— only a quarter of this size .— PMB $ 


Satellites Pinpoint Tornado Clouds 


Research Into ways to Integrate data from satellites and 
°™ sources fs helping weather lorecasters Improve their 
ability to determine quickly where Ihunderstorm clouds, and 
perhaps tornados, may occur. Field offices of ihe National 
Earth Satellite Service are using new technology to help 
Wealhar Service forecasters determine within hours when 
conditions are right for potentially dangerous storms J 
Purdom, a meteorologist with the satellite service’s applica- 
tions laboratory, Is atlampting to create methods to help 
forecasters use satellite imagery to understand why thun- 
deretorms develop as they do. Although the evolution of a 
Ihunderstorm often appears random when viewed by radar 
satellite data may allow forecasters to predict certain be- 
havior accurately. 

Under the right circumstances according to Purdom a 
ihunderstorm in one location, even after it has dissipated 

f C fl Mn aff0C . C ° ndill0ns miles away - ,f can even be instrumen- 
tal In creating new thunderstorms, which often spawn se- 
vere weather. 

i8 ^ inest small ‘Scale weather observing 
system we have. Visible sensors on the satellite allow us lo 
observe clouds as small as one-half mile In size during 

davTrHn^nhf 't ar0d se " s0rs provlde observations both 
day and night with a resolution of 4 miles. 

? nd c I QUd patterns In a satellite image represent 

c omrXicI e l 6Cl ° ongoin 9 ^"amic and thermodynam- 
intoSon ? th ® almosphere,’ he explained. When lhal 
J radfr !hi 8 | C ? mb ^ more conventional data such 
J In /n rm n !, 0racf ° ns in ,he atmosphere that are so vl- 

iyibVcr io ;nd"s,rd ,inuanc6 01 ,hundera,orm a * i - 

wore'i rCl0,T l re P 6I ^ ve situations occur frequently Thun- 
pher > 0m8na lalBr fBfler thunderstorm 

SZ.?=h Phonomena often can be recognized ihrough 

nBwmund ( f^™ ma90,y ;, C ° nsequen,ly ' ,ha crealion of 

endnc ^rJT v 33 we ", as ,h8ir proxlm "y to 'he influ- 
enclng stomns, can be predicted— hopefully. 

„^ rdo . m said ,hls knowledge allows severe storm fore- 
5fe ^ to/nirin' ° ncen,ra,a on Particular cloud formations during 
even?R ol H S 2 n ,‘ M8leora,0 9'sts seeing the series ol 9 
r B S f e ! l0rt f d lopa y s P ficial attention to the areas 
where thunderstorm development will occur during (he nexi 
few houre. thus helping them better isolate the severe 

Sed“ ,ham m ° ra Care,ully wl,h radar ' » a 


OSTP Gets Acting Director 


£S5S§ 

wSSSSasas. 


Qeophysiclste 

; io'Sri^gS^y director 

lonel Center In Res^^iS^® " 




Open to both 
men and women 


RESEARCH SCIENTISTS 
THEORETICAL OCEANOGRAPHER 


Salary: $21,446 to $39,8B9 
Ref. No.: B1-NCRSO-DFO-6 


Ocean Physics Division 
Institute of Ocean Sciences 
Fliharies and Oceana 
Sidney, British Columbia 


The Institute of Ocean Sciences at Sidney, British 
Columbia Is recruiting two scientists to conduct theoreti- 
cal research in physical oceanography. The current 
research program of the Ocean Physics Division of the 
Institute includes the descriptive and dynamical physical 
oceanography of continental shelves, channels, fjords, 
large-scale ocean-atmosphere interaction and climat- 
ology. The objectives of Individual projects range from 
exploration and description to process-oriented experi- 
ments. Emphasis tends to be on the North Pacific and 
Arctic Oceans, but Interest extends to all oceans. 

Other groups within the Institution of Ocean Sciences 
conduct research in chemical oceanography, marine 
ecology and marina geology and geophysics. 


It Is intended that the program of theoretical studies will 
teed to interactions beneficial to the experiments! pro- 
grams and the Institute is particularly interested in 
scientists who will contribute to the solution of problems 
related to general ocean circulation, ocean — climate 
interactions and the distribution of tracers. However, in 
the long term, the choice of research topics is limited 
only by the Institute's general objectives. 


Qualifications 

Graduation with a Doctorate degree from a recognized 
university in physical oceanography, applied mathe- 
matics or geophysical fluid dynamics, or a lesser degree 
with research and productivity equivalent to a Doctorate. 
Evidence of authorship of published reports or papers 
covering research in general circulation of the ocean. 
Experience in the conduct of an independent research 
program related to large-scale ocean circulation or 
atmosphere-ocean Interaction. 

Knowledge of English Is essential. 


Clearance Nos.: 711-014-083, 711-014-084 


For further details on the positions, contact 
Dr. John Garrett, 

Head, Ocean Physics Division 
Institute of Ocean Sciences 
P.O. Box 6000 
Sidney, B.C. V8L 4B2 
Telephone (804) 666-8274 collect. 


How to apply 

Send your application form and/or rfisumS to: 

Mrs. J. Weston 

National Capital Region Staffing Office 
Public Service Commission of Canada 
L' Esplanade Laurler, West Tower 
300 Laurier Avenue West 
Ottawa. Ontario K1A0M7 
Closing da te: April 17, 1981 

^j^^^otajhaapplicable reference number ot all times. 
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New Publications 


Concepts in Geodetic Reference 
Frames 

Helmut Moritz, Rep, 294. The Ohio State University. Co- 
lumbus, Ohio, Iv + 58 pp., 1979. 

Reviewed by E. M. Gaposchkin 

Reference frames have long been the province of physics 
and geodesy. Geophysics has not been interested and with 
some Justification. The principal concern in observing the 
earth has been to refer observations suitably to something. 
The geophysical fluid dynamidst reduces his data to Isobaric 
surfaces, and the tectonophyslcist is interested only In rela- 
tive changes, etc. 

With the inexorable increase in accuracy of metric obser- 
vations it is now possible, for example with space techniques, 
to measure with centimeter accuracy the ocean surface, dis- 
placements of the solid earth on continental scales, and the 
motion ol our deformable planet In space. It therefore be- 
comes Incumbent on us to understand fully the reference 
systems employed with these measurements If we are to 
study variations of the earth and not the variations in a refer- 
ence system we have ourselves invented. This philosophical 
concern, which finally came to be known as general relativity 
orgeometrodynamics, was thoroughly discussed In the first 
decades of this century. Now geodesists and geophysicists 
are beginning to explore, debate, and adopt reference sys- 
tems, and this specialized topic Is receiving increasing atten- 
tion by theorists and those working with data. It Is particularly 
appropriate to have a general review of geodetic reference 
frames at this time. 

The author has provided a good review and a starting polnl 
for discussion with this report, which is written with clarity and 
is highly Informative. It is an orderly treatment in nine chap- 
ters and Is complete but not a synthesis or treatise. Writing 
from a particular point of view, that of a geodesist and edu- 
cator, Moritz casts the development In familiar geodetic 
terms; network, datum, origins, etc. As a geodesist he is 
comfortable with using a least squares minimization condi- 
tion to define a coordinate system. As an educator. Moritz 
has developed the ideas proceeding from the simple to the 
complicated, leaving out details at times for ease of devel- 
opment, eliciting from the reader the next step, it is there- 
fore quite uneven. Some topics are discussed several 
times (l.a. , the motion of the earth's pole and the conven- 
tional international origin are discussed In tour of the chap- 
ters). 


The aim of this report was as a review, and a great deal of 
classical geodetic formulation is given. In the chapter on rela- 
tivistic aspects, however, Moritz has broadened the scope 
and has given some interesting results, both in terms of gen- 
eral relativity as seen by a geodesist and of the philosophical 
basis for establishing absolute or preferred reference frames. 
Moritz s Interpretation of the principle of general covariance 
is unconventional. However, he does develop the idea of us- 
ing the tidal forces of general relativity to separate gravita- 
tional and Inertial forces, which seems al first a contradiction 
of the principle of equivalence. 

This report touches most ol the issues in establishing a 
terrestrial reference frame. Moritz does nol advocate particu- 
lar solutions but has provided food for thought. 

E. M. Gaposchkin Is with the Smithsonian Astrophysics 
Laboratory, Cambridge, Massachusetts. 


New Listings 

Items listed in New Publications can be ordered directly from Ihe 
publisher; they are nol available through AGU. 

Applications of Marine Geodesy in Support of National 
Objectives In Ocean Science, Engineering and Operations, 
N. Saxena (Ed.), University of Hawaii College of Engineer- 
ing. Manoa, Hawaii, 1980. 

The Geology of Europe, D. V. Agar, John Wiley, New York, 
xlx + 535 pp., 19B0, $44.95. 

Proceedings of the International Workshop on Atmo- 
spheric Water Vapor, A. Deepak, T. D. Wilkerson, L. H. 
Ruhnke (Eds.), Academic, New York, xvi + 695 pp. 1980, 
$45.00. 

Real-Time Forecasting 'Control ol Water Resource Sys- 
tems, E. F. Wood (Ed.). Pergamon. New York, ix + 330 
pp.. 1980, $58.00. 

Scientific Basis for Nuclear Waste Management, vol. 2. C. 
J. M. Northrup, Jr.. (Ed.). Plenum, New York, xix + 936 
pp., 1980. $65.00. 

The Scientific Ideas ol G. K. Gilbert: An Assessment on the 
Occasion of the Centennial ol the United States Geological 
Survey (1879-1979), Special Paper 183. E. L. Yochelson 


(Ed.), Geological Society of America, Boulder, Colo., vi) *- 
148 pp., 1980, $17.00. 

Seafloor Spreading Centers, P. A. Rona and R. P. Lowell 
(Eds.), Dowden, Hutchinson & Ross, Inc., Stroudsburg, 
Pa., xv + 424 pp., 1980. $45.00. 

Search Theory and Applications. K. B. Haley and L. D. 
Slone (Eds.), Plenum, New York, ix + 277 pp., 1980. 


Solar and Interplanetary Dynamics, M. Dryer and E. Tand- 
berger-Hanssen (Eds.), D. Reidel, Boston, Mass., xix + 
558 pp.. 1980, $55.00. 
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ACADEMIC PRESS . . . Excellence In Geology and Geophysics 


AMERICAN GEOLOGICAL 
LITERATURE, 1669 to 1850 

By ROBERT M. HAZEN and MARGARET H. HAZEN 
American Geological Literature, 1669 lo 1850. is a com- 
prehensive bibliography and Index of early American 
publications on the earlh sciences. It contains more than 
1 1,000 entries representing 15,000 works published prior 
to 1851. M indexes numerous early and liltle known de- 
scriptions of geology, mineralogy, and paleontology of 
me United Steles according to subject and focalily. The 
book is thus a guide to the earliest field work done in 
most areas of North America and can be used to deter- 
mine forgotten localities of minerals, losslls, and mines. 
This work provides excellent documentation of the early 
geological literature published in Ihe United Stales. It 
will be of value to historians and students of American 
geology, 

(lyNfehed by Hutchinson Ross Publishing Company 
Distributed worldwide by Academic Press, Inc. 

1980, 448 pp., $32.00 ISBN : 0-12-786646-9 

SEAFLOOR SPREADING 
CENTERS 

HYDROTHERMAL 8YSTEM8 

Edited by PETER A. RONA and ROBERT P. LOWELL 
Volume 56 In the BenohmarkOPapera In Geology Series 
Series Editor: RHODES W. FAIRBRIDGE 
This book is a collection of papers that provide an over- 
l'™.. on the phenomenon of hydrothermal systems al 
seaiioor spreading centers. The papers demonstrate Ihe 
polfi nce of hydrothermal systems at seafloor spreading 
inn . and c °nsfder the Impilcallons for our undersland- 
"9 ot earth processes and utilization of earth resources. ■ 
■eis interdisciplinary subject builds upon geophysical, 
9Bocnemical, and geological studies pertinent to the 
nvh^ lcs and chemistry of hydrothermal systems and to 
Processes of seafloor spreading centers that com- 
nano he Earth-encircling oceanic rldge-rlft system. The 
inn ,f.u. ar , e ca| egorlzed Into three groups: theory, deal- 
aMo " 1 low °l ho1 aqueous solutions through perme- • 
irMH me , dl ® al seafloor spreading centers; experiment, . 
ai oil!® laboratory studies of basalt- seawater interaction 
inn 8d femperatureB and pressures; and field, deal- 
ing with actual Investigations... 

Hut °Mnson Ross Publishing Company .. 
jwn * d wor, dwJde by Aoademlo Press, /ric. 

80 - 448 PP- $45.00 . ISBN: 0 12-787360-0 . : * , 

^niiTL Uatl0n 0rd8r a authorize us to 6hlp and bill e ach 

maiinoV/ 1 ? 80 ri 6 s. or ‘Z Advances" type publication. auto-. . • 
remain & ^mediately upon, publication. This order will 
bfir n, ef,8C I unt| l cancelled. Specify (he volume. num- 
T 0r mie wllh which your' order is to begin. . : 


ADVANCES IN GEOPHYSICS 

Volume 22: 

ESTUARINE PHYSICS AND CHEMISTRY: STUDIES IN 
LONG ISLAND SOUND 

Edited by BARRY SALTZMAN 

FROM THE REVIEWS OF PREVIOUS VOLUMES: 

"Should be on the bookshelf ol every geophysicist." 

—PHYSICS TODAY 
"The entire series should be in ihe library ol every group 
working in geophysics." — AMERICAN SCIENTIST 

"Selected surveys ol specialized areas provide a con- 
stant approach ol the chiel new results In Ihe tremen- 
dous evolution ol the geophysical sciences.’ 

—PURE AND APPLIED GEOPHYSICS 
CONTENTS: R. B. Gordon. The Sedimentary System of 
Long Island Sound. H. J. Bokuniewicz and R. B. Gordon, 
Storm and Tidal Energy in Long Island Sound. H. J. 
Bokuniewicz and R. B. Gordon. Sediment Transport and 
Deposition in Long Island Sound. H. J. Bokuniewicz, 
Sand Transport at (ha Floor of Long island Sound. K. 
K Turekian el al., The Sources and Sinks of Nuclides 
in Long Island Sound, fl. J. McCaffrey and J. Thompson. 
A Record of the Accumulation of Sediment and Trace 
Metals in a Connecticut Salt Marsh, fl. C. Alter, Diagenetic 
Processes Near Ihe Sedimenl-Waier Interlace ol Long 
Island Sound. I. Decomposition and Nutrient Element 
Geochemistry (S.N.P). fl. C. Alter. Dlegenetio Processes 
Near ihe Sediment-Water Interlace of Long Island Sound. 
II. Fe and Mn. Subject Index. 

Each chapter conialne references. 

1980, 432 pp.. $44.50 ISBN: 0-12-018822-8 

AN INTRODUCTION TO 
ATMOSPHERIC RADIATION 

By KUO-NAN LIOU 

A Volume In the INTERNATIONAL GEOPHYSICS Series 
This book presents and unities the topics associated with 
the fundamentals ol atmospheric radiation. ' Ms level of 
presentation la such that senior and graduate students 
In the atmospheric sciences, and researchers new to 
atmospheric radiation and remote sensing, can under- 
stand the mathematics and fundamental tews which gov- 
ern the radiation field of planetary atmospheres. 
CONTENTS: Fundamentals of Radiation. Solar Radiation 
at Ihe Top of the Atmosphere. Absorption and Scattering 
of Solar Radiation in the Almosphere. Infrared Radiation 
Transfer in the Almosphere. Light Scattering by Particu- 
lates In the Atmosphere. Principle of Multiple Scattering 
h Plane-ParallBl Atmospheres. Applications of Radiative . 
Transfer to Remote Sensing of the Almosphere. Radia- 
tion Climatology. Appendices. Bibliography. Index. 
Exercises and References at Ihe end ol each ahapter. 
1980- 404 pp:. $32.60 ISBN: 0-12-451450-2 


DYNAMICS OF SNOW AND 
ICE MASSES 

Edited by SAMUEL C. COLBECK 
Dynamics of Snow and lea Masses describes the growth, 
motion, and decay of snow and ica masses. There are 
analytical discussions of ihe physical processes of snow 
metamorphism in conjunction with descriptions of energy 
budget and motion ol meltwater in the snow cover. These 
discussions are particularly detailed because they ere of 
processes that are common to all snow and ice masses. 
CONTENTS: Vi. S. B. Paterson. ICE SHEETS AND ICE 
SHELVES Introduction. Theoretical Background. Flow ot 
Ice Sheets. Numerical Modeling of Ice Sheet Changes 
Flow of Ice Shelves. Temperatures in Ica Sheets and Ice 
Shelves. Instabilities in Ice Sheets. C. F. Raymond 
TEMPERATE VALLEY GLACIERS. Introduction. General 
Description of Processes. Structure of a Glacier. Nota- 
tion and Basic Equations. Experimental Creep Behavior 
of Ice. Variation of Velocity and Stress with Depth. Varia- 
tion ol Velocity and Stress in a Cross Section Longitu- 
dinal Variation of Velocity and Stress. Flow Law of Gla- 
cier Ice Interred from Deformation Measurements. Slid- 
ing Behavior ol Glaciers. Mathematical Theory ot Sliding. 
Advance and Retreat ol Glaciers. IV. D. Hrbler til SEA 
ICE GROWTH, DRIFT, AND DECAY. Introduction. Gen- 
eral Characteristics ol Sea Ico. Physics of Sea fee 
Growth. Drill, and Decay. Numerical Simulation of 
Sea Ice Growth, Drift, and Oecay. Concluding Remarks, 
fl. O. Robe. ICEBERG DRIFT AND DETERIORATION. 
Introduction. Iceborgs and Their Sources Global Drill 
Patterns. Local Iceberg Drill. Deterioration. Future Trends 
in Research. G. D. Ashton, FRESHWATER ICE GROWTH 
MOTION, AND DECAY Introduction. River ice. Lake Ice 
Artificial Effects on River Ice. Artificial Effects on Lake 
Ice. Summary. D. H. Male. THE SEASONAL SNOWCOVER. 
Introduction. Metamorphism of Dry Snow. Properties of 
Dry Snow. Blowing Snow. Snowmelt, Wei Snow fl I 
Parts . AVALANCHE RELEASE. MOTION. AND IMPACT 
Introduction. Mechanism of Avalanche Release. Ava- 
lanche Motion and Impact. Index. 

References appear at the end of each chapter, 

1980. 512 pp.. $55 00 ISBN: 0-12-179450-4 

Send payment wllh order and save postage and handling, 
Prices are in U.S. dollars and are subject lo chanao 
without notice. ■ 
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EOS otters c/a^sffiGd spaco for Positions Available. 
Pomiiuns Warned, and Services and Sapphos There 
wo no discounts or commissions an classified nrfg 
Any typo that is not publisher's choice ischarnod for 
m display rates EOS is published weakly on Tues- 
day Atf 3 must bo recoivnd in writing on Monday I 
wook prior lo Hiodatooflho issue required 
HepliQS to ndswith bo* numbers should be ad- 
drassod to. Ho* . American Geophysical 

Union. 2000 Florida Avenue, N W.. Washington. 

D. C 20009 

POSITIONS WANTED 
Rates per line 

1-5 times -SI 00. 0- H limes— SO 75 
1 2-26 times— $055 


POSITIONS AVAILABLE 
Ratos per tine 

1-5 limoB— S2 00. 6- 1 1 limes— $ l .80 
12-26 times— Si <10 

SERVICES AND COURSES 
Ratos porbno 

1-5 ime3-S2 50.e-tHimos~S1.95. 
12-26 limes-Sl .75 


POSITIONS AVAILABLE 

Pot (doctoral Poalllon/Planetary Phvilca. 

research associate position la available for the 
aiudy of Jovian planet interior a under Jup>ter Data 
Analysis Program Areas el fntarost incfuda h gh- 
proasure ixjuni-ons of a late nnn calculation at 
structure of 'Orating planets to high accuracy. Posi- 
tion open until Uteri Pin j so sorul ro-jiunn and 
names ot three retarancoi to 
W. D Xuhbani 

Uopndmani of Fi.vi almy Sciences LPL 
323 Kij.por Sp.vo Sciences BUlii 
UnibOrsity of Arlzun -1 
TucMii, AZ0572I 

The Un ivors. ly of Arizona 19 an oquat opportunity 
amimainQ action omp'oyor 

Qeologltt Environmental Scientist. To 

teach geology and related ph y5 „:al A Mf|h sci . 
anLoa: emphasis in undergradiinto geosciences. 
Mdinieniaiy uoo'ogy. environmental sciences Pub- 
Jrch - «**«•«» m dam vac^vnq ana 
mi,m p, ’ d 

Pieaso send resume piusnamog. n-Wresses & 

n, G !l^ U c ' ^1* flf by April 23. t9Q1 to 

»*£?* 8l, ri- Dean - Sch ^ & Science. vv,t- 
07470 ' CO Iflgo ' Ora * 0r TT - Wayne, nj 


Faoulty Position in Oceanography Oaofo* 
”’“ n ' w V t , , ' y °' Mo,lh *' n Colorado. The 

EMh Sc ' oncos in Vi to 5 .?pr' colons 
tor a tuli-i mo tenure track faculty po& Wn in 
oceanography, sterling September tggt We are 
sec-mj a person w.ih a broad background m 

and rP0,s 01 ,hB ,0 tafad eanh 

Z2SZV** a3 m3 " ra S^ogy and or sed- 
Ma,0r lee ** B ***«y hfl teaching be- 
£. g and advanced courses m oceanography 

,ie ' d ai ' d S en 0 ml education 
cou ses A modesi amount of research is possible 

Ph O rfrCf^ 9 ^ ApP ' Cfln,s ShOl ,'d POSS&S3 Ihg 

°' be ,n ,h ® f nal stages ol completion 
s,an n 9 and salary w.u depend 
raTSS? ° lher qua,,rlCJr ' 0^,3 Q ' candi- 

car’ll shou'd submit a resume and at least 
tme tetters nt recommendation to Dr. L Glen 

Depar,menl 01 Earth Sciences. 
JJwafy ol horthern Colorado. Greeley. CO 

Rie dead: ne tar appi.caton is May to 

?» 0, ,?«?^MI«ropaloontola. 
gtit, Washington University. The Depan- 

80,1 Sciences. Washhgton 

ava - aate a tfln *"e track, ass slant 
professorship pos«ton. beginning in the 1981-82 
Kadem c year for a geoscentisi w.th research in- 
iwstsm^agenesis of sedments or in nucropa- 

ca ™ Ma,a musl *ave the f Q ifo-«- 
KlSSl . <temors,ra[ * d «Htiwty and promise 
,03 * 1 ' Ch Caching: mtenl to 

V?° ,ou * research program a a- 

JJf CCu ' Bei ,n , ekJ 01 merest and related 
'£** 8 ® ei<,eflW 81 ^graduate and graduate 

i^crr^,' 5 - ■*- •«“-** 

Jjjl* T rT.« , Ml nl ' , * r * ,,,r 1 **oib 

g&SEF&srjg 

^wssaaasss: 

«wnPWM their doctor bJ 
XI leechmg si both bS^„. 

■ ■«* have speerfic 
W*ciatua«on 
****** wbml » 

61 81 hMl persons (tom 

. Msfcsar 

X*** T *°* UWMWy 
RO Bos 4109 
; listmck. Tsiaa 7M09 

•»-*S “* **“ l *«*«»»»» -^ ;■ 


Struetural Geologist, The Department of 
Geophysical Sciences invites applicants for a ten- 
ure track structural geology position at the assistant 
or associate professor level, beginning August 
I08f Ph D. joqulrad. Salary commensurate wllh 
experience and quaffllcallorm. 

Departmental equipment Includes a digitizer, vari- 
ous geophysics equipment, end a remote sensing 
laboratory with an edgewise enhancer. The candi- 
date will havo the opportunity lo substantially odd 
to his or her equipment needs. Present computer 
facilities include a DEC 10 and IBM 360 -14, while 
PK 3240 system with 16 megabyte capacity is un- 
der development. 

ODU is a state-supported university serving near- 
ly 15.000 students end Is situated within the seven- 
city Hampton Roads metropolitan area that is na- 
tionally known lor its historic, recreational, and cul- 
tural facilities 

Send vitae, a brief discussion of research Inter- 
est and arrongo to havo three Tellers of reference 
by May t. 1981 to Dr. Dennis A Darby. Chairman 
Oopartmanl of Geophysical Sciences. Old Domin- 
ion University, Norfolk, VA 235QB. 

An otTrrmafive actiort'equal opportunity employer. 

Harvard Unlvaralty/Poatdoatoral Research 
Fellowship. Harvard University will offer a posi- 
docloral research fellowship in some Held of experi- 
mental geology or geophysics for ihe academic 
yoar(at 1981-1982 and or 1982-1083. Stipend will 
be *17,000 for one year with possibility of renewal 
for a second year. Interested applicants should 
seed a rnsume, a statement of proposed roaearch 
and arrange for at least two lottors of retarance to 
bo snnt to tho Chairman. Commilloo on Experimen- 
tal Geology and Geophysics. Harvard University, 
Cambridge. MA 01238. Deadline is Juno 1. 1981 
tar appiicnnls doslrlng nppoinlmonl in 1081-1982; 
December I. 19BI tor applicants desiring appoint- 
ment in 1982-1983 ^ 

Harvard University is an equal opportunity/affir- 
maiive action employ or. 

TK 0 '? 1 ^ B# S* ,0h A> * M| «I« Roil. 

° h . n - Hopklni Unlverally, Ap- 
f ff^ 01 ^ bor «ory. Positions are avail- 
able lor studies ol mognBiosphertc-ionospherlc mu- 
pling hydromagnolic waves, and plasma 

K fl l25 '? ,h ® (0no5phof ° and mngnotosphero. 

Tho setactod candidates will participate in ihe anal- 
Z™ ^ 'ntarprolai-on of dala from spacecraft end 

radHrs 1,5 wel1 03 ln ,he development 
and implementation ol now ground-based and 
spaeecraU studies Positions are l 0f ana year and 

rnmT^ b , re - I onure ma r 0 ‘ any lime 
ISSlfrCtf 1 ? ’■ ,9BI ^PPXcalions should be 
addressed to Mr Steven F. Sayre. Depi ADI-15, 

. ^ n, 3 W ,na Unw ® rs «V. Applied Physics 
Laboratory. Johns Hopkins Road. Laurel. MD 

An equal opportunity employer, m I. 

telsmologUt. The Department of Qeok»y at 
° na ’ a - u,bana ' c bampaignThas 

,0 ; a ,enur » tack posmon at the assist- 
‘^ 9850r ^X 01 - beginning during the 1981-82 
academic year. A Ph D. Is required. The applicant 
^uTdhave a strong background In geology, and 
JJ? mSSlfi®, ®* periBnca '3 desirable. Candidates 
? 1 eaperience in tectonic studies 

based on selsmological observations wilt be given 
KJJJJ? 7710 successful candidate Is exp«|^f 
to devetopan active research program to cornpte- 
menl B&sbng programs In gaodynamlcs, solid earth 

K h r y n 5 ?; and ,0ck phj ' sicB 71,6,8 rs also oppor- 
™l?. f I S° faca P n wi|h P^srams in the Depart? 
monte of Theoretical & Applied Mechanics am? Civil 

^c™Smi?l L' n lf rd ' SdplinflrY Ma,flrials *>■ 

, ba s! °f7 Sew* rosumd and names of 
™ ktences to; Dr. John Howe;. Head Depart- 

Princeton UnfversItyrSefentlfta Program- 
Shh rw? d Dal * Ana, y ,l »' The Geophysical 
Princeton University 
,or two ,ul1 lfmB scieminc program- 

ma? ThiS? 8 ^ al may b0CQme available in Juty 
1M1. These programmers win become part of a re- 

JfSlEKS ' sm f dn 9 uaB 01 measuremania 
°' a m Va ^ of chemeaia in lha world oceans to 

0C !? n,c clrcuta,i0n Bnd mwng. One po- 
1 an ? tys ? and ,he Involves 
oave loping computer simuiaiions. 

Appiicania should have a bachelor's or master's 
Physics, chemistry or en- 
»nflering with a strong math background Fortran 

H3ir« n,in9 and °° UfS ® ^ in «» 0 nography are 

Stfnry Is StB.000 to *1 7.000 per year 

- ST,! “ ' ro, l Jrn ®' “ urso ^adscript and names of 
3wrforonc« toProf. Jorge L. Sarmlanlo, Director 

SS2Sfl nulfl Dynamic8 Pmflfam. Princeton 

Unnrorsity, Princeton, NJ 08544. 

iB an w * ual oppwuniiy/af- 
fimiaUvo acton employer M.F. 7 

oll!jH«to.“ISl" l0 . By Drtfl,lon « *» P-ro. 

SffSK , , Ubor **°nr‘ Aif Force Qooohva. 

ol fK»,S{!» ap P* Jca,ion8 tor the poaSSrf 
£Uf ^ 0<Molo 8y Kvtston tocatodaT 
rtensoom Air Force Base, Masaachusaita Th« 

■tan la responsible tor Air F< STSS'ISh. 

sSSS 

2 KaS?SWass: 

*57 StEjX..** 1 ' a * a ‘ w T ,fln 9® ol *62247 to 
(617} 

****** «Wn»rt oppwtMrtty pmptoyer./ ; 


Ph.D. Sofentlat/Chemlatry and Aorono- 

my. The Naftonal Center (or Atmospheric Re- 
search In Boulder. Colorado la seeking an individ- 
ual for an Initial 3-year appointment to undertake 
numerical modeling experiments and theoretical 
studies In atmospheric photochemical processes. 
Requires: Ph.D. in chemistry, physics or atmo- 
spheric Klences or aquivalenL applicable research 
experience and high (aval skills In the following; nu- 
merical modeling and theoretical studies of atmo- 
spheric photochemistry, numerical solution ol differ- 
ential equations and programming of an advanced 
computer In FORTRAN. 

Send resume Including publications list and 5 
names of references to Margarets Domeckl, NCAR, 
P.O. Box 3000, Boulder. CO 80307. 

NCAR ia an Equal Opportunity/Affirmetlve Aclion 
Employer. 

Gaophyilolst. Applications Invited tor a tenure 
track position at the assistant or associate profes- 
sor level, beginning August 1881. Successful candi- 
date will ba expected to develop graduate courses 
In area of expertise and to teach undergraduate 
geophysics. Although all areas of geophysics will 
be considered, preference will be given id protes- 
aionals with teaching end research Interests in seis- 
mic stratigraphy end petroleum exploration. 

Departmental equipment Includes a refraction 
seismograph, resistivity meter, gravimeter, magne- 
tometer, porometar, and permamater. The candi- 
date will have Ihe opportunity to substantially add 
to his or her equipment needs. 

Present computer facilities Include a DEC 10 and 
an IBM 360-44, white a PK 3240 system wilh 18 
megabytes capacity is under development. 

. OPUJ* a Blale-aupported university serving near- 
ty 15.000 8ludams and is situated wlihtn Ihe seven- 
city Hampton Ftoads metropolitan area that Is na- 
tor fls historic, recreational, andcul- 

Salary commensurate with experience and quali- 
fications Send vitae, a brief discussion of research 
interest and arrange to have three toilers of refer- 
ence by April 10. 1981 to Dennis A. Darby, Chair- 
man. Department of Geophysical Sciences, Old 
Dominion University, Norfolk. VA 2350B. 

An affirmative acltan'aqual opportunity employer 

IMm* and san Jose State 
Atmospheric Solenoe./R«. 

Applications are Invited for 
» «« earch 8650013,0 which will be avail- 
meni ni^h ,9Sl ' TWs P° sl,lon involves develop- 
bnurlta ^| hfBB dlmer^aiona, numBrlcBl planelary P 

52S lflya, l modfll 01 ,h0 to« 0 °i large polm 

terested «nd?H . ® “l 3 ’ 01 urban envi ™nme n t. In- 
terested candidates with modeling experience and 

possessing the Ph D. In aimospheric sc encf 

£** f 6,0 ted areas are invited to submlTa 

s ,r ,U nT , V H 0 and tetarences lo; Prof. Robert 

fistBiaa* 1 jms 

-S?555* “ ,8 K,ual 

SSSOTufflRS” 

LrtS[!.Kw 0 P lh8 "“tor sections of the De- 
partment-biological oceanography, chemical 

a h ® W a " d HvSSZmi. 

ography, or physical oceanography. 

wha^E flti ? 1 '? 80l,cited ,rom todivlduals 
Id «lr 8d scholarship in research 
SSS&i any QCM^agraphlc subdiscipline, 
oulstendlng applicants suitable to; appointment to 

SSSnS ° ,h f r lhfln prof0SMr 0111 also be 
considered, but preference will be given to anoll- 

Toan l, |f ,e f r ® ppGlnlm0n ‘ to the higher wks 
toll Pmr P ^‘ 0r I 0r urth0 ' totormallon. please con- 
tact Professor R. O. Reid. Head, Detriment ol 

SS 5 BT * 00,1808 smon ’ n ” 043 (71 ^ 

??w^3isr3er 

SwSS? Bdlm l anIO,c W beginning S^tember 1 
terestol sfcnuJatl^u^gSaTrS^ This"' 

An fd/^to^^^ 1290 '- 

- Recruit m Announce ■■ Advertise « 

opIJfif") 14 ! a,ented Peraonnel In the 
geophysical sciences. 

Announce special meetings, 
forp.tr 1 short co ur ses. "nd call a 

Instmmenu* aervlceS| au PPUes. and 

n A classified ad in EOS, the weekly 

grtSte f ° r the seophy8lc,s( ' will 

Low advertising rates, easy-to- 
T deatl,,nes - and a broad 

Place your ad today. • 

Cali toll free; 800424-2488 


HEAD 

INFORMATION OFFICE 

The National Center far Atmospheric 
Haaearch m Boulder. Colorado has a position 
available Immediately tor a highly EklltaJ person 
to manage the NCAR Information office, 52? 
raeponslbilitlea Include receiving over 25 000 
vlalfQia annually at Ihe NCAR laboratory 
handling and Initialing contacts wfth toca'l and 
national madia, and writing and dtetribulino 
te' 06008 and other Informative meterlal 
designed to generate national and local 
coverage of NCAR activities, goals, and 
achievements. 

Necessary qualifications Include 
demonstrated skill In science writing far lay and 
semi-technlcaj readers, In dealing with 
representatives of national media and In 
managing a multi-faceted information (unction 
In a scientific setting. Please send letter and 
tesume promptly to Dr. G. w. Curtis, P.O. Box 
3000, Boulder, Colorado 80307. 

NATIONAL CENTER FOR 
ATMOSPHERIC 
RESEARCH 

An equal opportunlty/a Wrmative action 
employer. 







South Dakota School of Minos A Technolo- 
gy. The Department of Geology and Geological 
Engineering anticipates two tenure track positions 
In economic geology beginning fall 1981. (1) Crye- 
tal chemiatry/mlneralogy/petrology of Igneous and 
metemorphlc rocks wifh emphasis on mineral de- 
poslte. (2) Geology of etrafa-bound or hydro-ther- 
mal deposits. Number one Is at the full prolessor 
level, number two at the assistant or associate pro- 
tessor level. Pleaee send resume and three letters 
ot reference to AMs Llaenbee, Department ot Geol- 
ogy and Geological Engineering. South Dakota 
School or Mines & Technology, Rapid City. SD 
67701 (605-394-2481). 

South Dakota School of Mines Is an equal oppor- 
tunity/affirmative action employer. 

mnl!f “ e Un,w e r ilty. A tenure track appoint- 

nrn JiS J h . 0 ^ 0 Burv0 y |n 0 mapping. Under- 
9 duate teaching in the areas ol basic surveying, 
adjustment computations, and Introductory photo- 
grammetry/photo Interpretation: Involvement In 
teaching graduate level courses, and In existing 
and new research programs. 

PK P A a,8re J n " fll “ n8lclera,lon to candidates wilh a 
nr^o. nd «^ land surueying registration (or in the 
9 h nfl aUtrfl degf00 and registration); 

ten^ n J a ary Ufi ar0 opan and dQ P® nd on to 0 0 xpa- 
rienca and qualfflcallona ol the applicant 

?® u k r l!“' b v ts April 1981, to Head, 
w? m , Clvfl En fl ,n aerlng. Purdua University. 

West Lafayette, IN 47907. 

employer ^ “ ****' °P portunll y /3mrmallV0 “‘'on 

Postdoctoral Poalllon/Earth and Spaeo 

?n, O0 “ Tuo » on - To assist In 

"ftstaand Interpretation of date from the Voyag- 
er Lffirayfolet Spectrometer. Possible fields of re- 
search fndude the bound and extended almo- 
f p „ f 08 of Jupiter, Saturn, and Titan. Applicants 
have a Ph - D - and expertlsa In several of the 
towing areas; aimospheric physics, plasma phys- 
ca. aimosphare-magneioaphare Interactione, com- 
puter programming and simulation, and UV spec- 
troscopy In the laboratory or space. Applicant 
should sand resume, Hat ol publications, and 
namaa of three raferencea to Bill R. Sandal. Earth 
ana space Sciences Institute, University ol South- 
em California, 3625 East AJo Way. Tucson. A Z 

employer W 8qU81 opport(jnlt y /a IHrmaHve action 

Faculty Poaltlom University of Iowa. The 

Department of Physics and Astronomy anticipates 
pn0O /*w° openings for tenure track faculty In Au- 
gust 1981. Research spaclaltles for which substan- 
tial resources are available are magnetospherlc 
and auroral physics and apace and laboratory plas- 
ms physics, both theoretical and experimental. Oth- 
er specialities of Interest are astronomy, estrophya- 
taa. Mome ntary particle physics, atomta physics, 
ranoenaed matter, and low energy nuclear physics. 
T " 0 P OBl, tana Involve undergraduate and graduate 
teaching, guidance of research students, and per- 
sonal research. Interested persona should send a 
resume, a statement of research Interests, and the 
names of three profession at references to Search 
Committee, Department of Physfoa and 
Aationomy, University of Iowa. Iowa City, 
iA 52242. 

.. University of Iowa la an equal opportunlty/af- 

flrmattye action employer. 

Prefeseer/Chemleaf Oceanography. Tha 

Department of Oceanography of Texas AAM Urik 
varsity Invites appSoations for an academlo faculty 
position. The appointment le expected to be made 
at the level of professor. 

Nance, applications are solicited from Individual® 
Who have demonstrated scholarship in research 
and teaching. Outstanding applicants suitable. tor 
appointment to academic ranks other than;profes- 
aor win also be considered, but preference will ba 
given fa applicants suitable tor appointment to the 
Wghar ranks. , , 

. I 0 ®?*' Q|i tor farther IntormStion, please con- 
tact Pro feasor R. o. Reid, Head, Department of ■ 
Organography, Cpffege fitatlon, TX 77843 (713/ , 
846-72,11). ,. ■' .-£! . . ••• • • , . 

r Texas A*M Untyereltyila an: affirmative' action/ ■ 
d«riiur«y ;'sift^ 6 yer , - 1 • 




PstroloBy/ffinoohomlstry! University of 
Haw Brunswick. ThB Department of Geology 
has a tenure track position available from 1 July, 
1881 a t assistant prolessor or higher level. The 
successful applicant will be expected to teach both 
undamraduBfes and graduates as well as carrying 
out research and supervising graduate students. 

H* position Is In addition to one currently adver- 
tised tar a rock mechanic or geochemist. 

■me applicant should have a background In pa- 
Mdiemlstiy and petrology and should be prepared 
io (each In some aspects of petrology and geo- 
chemistry. The successful applicant will be reBpon- 
dbie lor supervision of analytical facilities Including 

^AppNcentfl should have a Ph D. and preferably, 
post doctoral experience. Applications including a 
curriculum vitae and names or three referees 
should be eent to P. F. Williams, Chairman. Depart- 
ment ol Geology, University ol New Brunswick, 
Fredericton, N.B. E3B 6A3. 

Exploration Oeophyalolst/Unlveraity of 
Oklahoma. The School ol Geology and Geophys- 
ics at tha University of Oklahoma will hire an expe- 
rienced exploration geophysicist to fill Ihe Frank 
ind Betty Schultz Professorship, and Ib seeking 
nominations and applications for tha position. The 
person must be e distinguished scientist who haB 
made Important contributions to exploration geo- 
physics through research. Preference will be given 
to a scientist whose specially Is setemlc properties 
ol earth materials and who has earned the Ph.D. 
The Schultz Professor will provide leadership and 
guidance In establishing a quality teaching and re- 
search exploration geophysics group. The Universi- 
ty ol Oklahoma has recently made a strong com- 
mitment to the earth sciences with the establish- 
ment ol a College of Geosciences, to be housed In 
■ new building. The School ot Geology and Geo- 
physics will expand from Its present (acuity ot 18 to 
26 laculty mambare by 1986. ThiB will Include three 
scfsntistB In the exploration geophysics area, five In 
structure-tedonophyBlcB-solld earth geophysics and 
others In stratigraphy-paleontology, geochemistry- 
petrology, and energy resources. 

Applications era due April 30. 19B1. Inquiries, 
nominations, and applications should be sent to 
John Wickham, Director, School of Geology and 
Geophysics, University of Oklahoma, Norman, OK 
73019. 

The University of Oklahoma le an equal opportu- 
nity employer. 


Faculty AppoIntmant/CoioracfD Stale Unt- 
varsity, Tho Department ot Earth Resources. 
Colorado Slate University invites applications for a 
tenure track appointment with emphasis on active re- 
raaich experience In remote sensing, and an Interest 
in teaching graduate and undergraduate students 
beginning September 1981. ThB candidate Is ex- 
pected In have a Ph.D. degree In geology, watershed 
seances or in a related Held Bnd Is expected to de- 
velop and maintain a vigorous research program with 
special emphasis on the application of state-Qf-the- 
ut remote sensing techniques lo Ihe Investigation ol 
natural resource phenomena. The candidate is ex- 
acted to teach undergraduate and graduate 
courses In the application of remote sensing to natu- 
ra> resources. 

Rank and salary are open and dependent on expe- 
bence and qualifications of the applicant. 

Applicant are invited to submit curriculum vitae, 
am letters ol reference and a letter describing re- 
search and teaching interests lo Dr. H. S. Boyne. De- 
parimentol Earth Resources, Colorado State Uni- 
Wrty. Fori Collins. Colorado 80523/(303) 491- 

iM? adilne fer r8C0lp ‘ 01 •PP'taalbna is April 15, 

WU is an EOE/AA. E.O Office: 31 4 Student Serv. 


Seismologist! University of Utah. Tha Uni- 
versify ot Utah Is expanding Its geophysics program 
In Ihe Department ot Geology and Geophysics by 
adding a tenure track faculty member in seismology 
at the assistant to associate professor level. Appli- 
cants with backgrounds and epedBlltles In seismic 
Imaging and theoretical seismology will be giv- 
en preference. The individual will be expected lo 
teach undergraduate and graduate courses, and to 
pursue an active research program with graduate 
Btudents. 

The department has modern teaching and re- 
search programs in geology and geophysics, and 
haa dose associations with the numerical analysis 
and data processing groups In computer science, 
electrical engineering, and mathematics. The geo- 
physics component ol the department has atrong 
research and teaching programs in electrical and 
electromagnetic methods, thermal properties of tha 
earth, potential fields, and seismology. Current re- 
search In seismology Includes: earthquake re- 
search utilizing a new PDP 1 1/70 computer; moni- 
toring ol the Inlermountaln BBlsmlc belt by a 55 sta- 
tion telemetered network utilizing a new on-line 
PDP 1 1/34 computer; major experiments In seismic 
refraction and redaction profiling for crustal struc- 
ture, and allied research In tecfonophyalcs of 
mountain building. 

The dosing data for applications is May I. 19B1 
and the appointment data Is September 1981. 
However, the search may ba extended It a suitable 
candidate Ib not selected. In which case applicants 
for a one-year visiting position tor the academic 
year 1981-82 will also be considered. 

A Ph.D. Is required for this position. 

Applicants Bhould submit a vita, transcripts, a let- 
ter describing hla'hsr research and teaching goals, 
and names ot five parsons for reference. Qualified 
persons should send their applications to William P. 
Nash, Chairman, Department of Geology and Geo- 
physics, University of Utah. Salt Lake City, Utah 
84112. 

Unlvarelty of Utah Is an equal opporiunlty/afflrma- 
tfvs action employer. 

Headt Barth Resources Branch, NASA/ 
Goddard Space Flight Center. GS-1330- 
14/15: S37.87t-S50.112 per annum, full-limB per- 
manent. The Earth Survey Applications Division. 
Applications Directorate. NASA/Goddard Space 
Flight Center Invites applications tar ihB opan 
position of Head, Earth Resources Branch. The 
incumbent of this position Is responsible tor planning, 
managing, and conducting broad programs in 
earth resources remote sensing basic and applted 
research and data analysis, emphasizing the devel- 
opmenl and demonstration at applications ot remote 
sensing of earth resources from earth orbiting satel- 
lites The primary areBG of research In the Branch are 
land use management, vegetation sciences includ- 
ing agrlcullure/loreslry/rangeland and environmental 
monitoring utilizing remotely sensed dala and ad- 
vanced technologies. Also, significant effort is dedi- 
cated to sensor data evaluation in terms ot appli- 
cations end scientific utility, and to specification of 
data acquisition and intormalion extraction systems 
which best meet user scientific and resource man- 
agement needs. An advanced degree in earth or 
physical sciences fa required with education in Ihe 
vegetation sciences. Irmd use or environmental mon- 
itoring being specifically preferred Candidates 
should also have Beveral years of progressively 
more responsible experience In the conduct, guid- 
ance and management of remote sensing research 
programs and clear evidence ol a strong research 
background indicating senior research scientist stat- 
ure. 

Resumss/SF I7fs should be sent to: 

Dr. Robert D. Price, Assistant Chief 
Earth Survey Applications Division 
Code 620 

Goddard Space Flight Center 
Greenbelt, MD 20771 

Deadline for applications Is April 30, 1 98 1 . 


‘Ground-water Geophysicist-’ 

Woodward-Ciyde Consultants, a geo- 
sciences and engineering consulting 
firm, has an immediate opening in 
its Orange, California office for a 
ground-water geophysicist. This posi- 
tion will be in association wilh a 
25-person interdisciplinary Water Re- 
sources Section headquartered in San 
Francisco. 

Responsibilities 

The successful candidate will partici- 
pate in geophysical aspects of hydro- 
geological studies, business develop- 
ment, pBer and project review, and 
project management. 

Requirements 

A minimum of a MS plus 2-3 years 
experience, -or- PhD, in both theo- 
retical and applied aspects of ground- 
water geophysics. Project manage- 
ment and business development ex- 
perience preferred. 

Send resume with references 
by April 30, 1981 to: 

David A. Stephenson, Chief 
Water Resources Section 

Woodward-Ciyde 

Consultants 

Three Embaicadero Comer. Suite 700 
San Francisco. California 94111 


-tVe are an Equal Opportunity Employer 


Planetary Geologist. Tenure track assistant 
to associate prolessor position sterling September 
1. 19B1, or as soon as possible llierealtor to teBch 
and conduct research in planetary geologic pro- 
cesses on Earth and other planets Rosearch 
should be on understanding the physical processes 
{tar examplo. impact cratering, volcanlsm. facto- 
nlsm) responsible tor the origin of planetary sur- 
faces. Applicants muBt have Ph D. in planetology, 
geophysics or geology. Deadline lor applications is 
June 15. 1981 Inquiries lo: Paul C Hoss. Chair- 
man. Department ol Geological Scroncos. Drown 
University. Providence. Rl 0291 2 

An equal opportunity and affirmative action om- 
ptoyor 

Structural Geologist. The Department ot 
Geosciences o> Purdue University invites application 
lor 3 tenure I rack faculty position in structural geol- 
ogy. starling in August 1981 Rank and salary wit! be 
commensurate wilh qualifications A Ph D is re- 
quired The individual wilt be expected to teach un 
dergradualB and graduate courses m structural geol- 
ogy and tectonics, participate in summer Hold 
courses, and pursue an active research program. 
Preference win ta quanto xcanriidntewlthan ap- 
plied lie Id orientation ana a strong background in the 
quantitative analysis ol held dala The department 
has active programs in petrology, geophysics, and 
engineering geology and has a ctosa working rela- 
tionship with the geotechnical group in civil engineer- 
ing and the Laboratory tor Applications of Remote 
Sensing. Closing date lor application is April 1. 1981 
Appiicania should send a resume. Ihe names, ad- 
dresses. and telephone numbers of three referees, 
and a brief statement of research interests to R H 
McCalister, Department of Geosciences, Purdue 
University. West Lafayette. IN 47907. 

Purdua University is an equal opportunity/ affirma- 
tive action employer 
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Geological or Mining Engineer. Geological 
or Mining Engineer with Ph versatility and capa- 
bility to integrate with geoscientista. oceanogra- 
phers and ocean engineers Permanent full-time 
I each ing're search position with rank and salary 
open. Send resume and names of three references 
to: N. W. O'Hara. Head. Department of Oceanogra- 
phy & Ocean Engineering, Florida Institute of Tech- 
nology. Melbourne. FL 32901 (305) 723-3701 x302. 
Equal opportunity employer. 

Hydro geologist. Applications invited tor a per- 
manent faculty position. Tha position requires a 
PhD., teaching at graduate and undergraduate lev- 
els. supervision ol research, and research in area 
of specially interaction with faculty fn surface water 
hydrology, etebte-lsotope geochemistry, geophys- 
ics. and sedimentary geochemistry is expected. 

Candidates should send resume, statement of re- 
search interest, and addresses of Ihree references 
to L D. McGinnis. Chairman, Department of Geolo- 
gy. Northern llltoois University, DaKatb. IL 60115. 

An equal opporlunlty-'afflrmaiive action employe*. 

Paleontologist. Seek halt-time visiting profes- 
sor tor academic year 1881-82 lo teach introduc- 
tory courso in paleontology and seminar of own 
choosing. Appointment (a far hall-time tor entire ac- 
ademic year or fall time for fall semester. Ph.D. re- 
quired. Rank and salary negotiable. Inquiries to: 

Paul C. Hess, Chairman, Department of Geological 
Sciences. Brown University. Providence, Rt 02912 
Deadline tor applications is May 31. 1981. 

An equal opportunity and affirmative action em- 
ployer. 

Teoionophyalcs. Seek hall-time visiting pro- 
lessor tor tho academic yoar 1981-82 to teach 
course In raglonal tectonics and seminar ot own 
choosing. Appotaimonl is tor hntl-tima tor nntiro ac- 
ademic yenr or luff timo lor oiihor tall or spring so- 
mosior. Ph D. required. Rank and salary negotia- 
ble Inquiries to: Paul C I toss. Chairman, Dopnn- 
mont ol Geological Scioncos, Brown University. 
Providence, Fit 029 1 2. Deadline for applications is 
May 31. 1981. 

An equal opportunity and affirmative fiction em- 
ploy or. 

COURSES 

Hlararchlcal-multlobjeotlva Approach In 
Water Resources Planning and Manage* 
menl, May 18-22, 1881. Foe S3 B0 

The theme ot thn 10th -annual short course is 
rlsk-banofii analysis in tho revised Water Resource 
Councils principles, siandsrdv and procedures 
Tho courso. lo ho hard nt tho Case VVostem R»> 
sorvo University, will also include discussions on 
formulating models and optimization of largo com- 
plex water and related land resource systems 
To ensure enrollment, send registration terms to 
the contact by Mny 1. 

Course instructor is Vacov Y Haimes the lust 
AGU Congressional Science Fellow Guosl lectur- 
ers and panelists include Van To Chow. David 
Campbell. Leonard T Crook. Warren A Hall W 
Scott Nainis. Wayne S. Nichols. Donald Parsons. 
Soroosh Scrcoshian. and Warren Viessman. Jr 
Contact Short Course, c-o M. A Petal. Assistant 
to Y Y Haimes Center ter Large-scale Systems 
and Policy Analysis. Room &12C Crawlora Build- 
ing. Case Western Reserve University. Cleveland. 
OH 44106. Telephone: (2161 368-4492 

SERVICES 

Coal Deposits, it you are financing, planning, 
exploring, drilling, or digging in connection with any 
form of energy, you need this complete, up-to-date 
book about the world's coal deposits, includes pro- 
duction and reserves lor mfnss. Hardcover, 6 :• 9 
inches. 590 pages. Table at contents, drawings, in- 
dex. references. 1980. $156 Tatsch Associates, 
Thunder Road. Sudbury. MA 01776. USA. 


!•' ■ i 



planetary Rifting Processes 

pL r °* m Camber 3-5, the Lunar and Planetary Institute in 
m ? b ! 1 ^ s P° nsor a topical conference on the Process- 
e ne,ary The conference, to be held In the 

i nclsco area * wil1 be Halted to 60 participants. 
a nrtw ona are Panned on the speculations on the origin 
and fleve *°P men t of rifts; on the constraints ol rift evolution; 
A P'!, re80urce a associated with rifting, 
letter of application to attend should accompany a brief 
and oull,ne of potential contributions to the meeting, 
go j d Qslred, a provisional paper title for potential papers. 
Plan , materlal to Rift Meeting, Projects Office, Lunar and 
77 n® ,a [y Institute, 3303 NASA Road 1. Houston, TX 
a - Deadline for applications Is May 29. 8S ' 


fluid Dynamics and Qsophyslcs 

Astannh^k S0 minar entitled 'Fluid Dynamical Problems in 
Junfi nr C J and Qsophyslcs' is being planned for late 
TfintL ? 3 1 Ju| y ty toe American Mathematical Society. 
aoDnnflti 0 y 8Chedu lsd are five lectures on astrophyslcal ; 
aDDHra») ns of flu,d dynamics, five lectures on geophysical 
Phvsirn 008 ol dynamics, and special lectures oh geo-; 
series ' ® 8 ,ro Phy 8 ics, and mathematics. The two principal 
Held dun* i ures are ir| tonded to formulate the equations of 
PhvsiI.J 03 ln s P 0Cla l circumstances appropriate to geb- 
K nd ^rophyslcs. 1 ■ : 

Ing of be assumed to'have a basic understand" 

For n Jj , M dynamlC8 at a first-year graduate student level. . 
chairman IS 0 .?®' ^formation, contact Norman Lebovitz, 
UnlveSh, 0 , S,® sem| nar ‘8 organizing committee, at the 
Slty 01 Chicago, Chicago, IL 60837. ® 


MEETING ANNOUNCEMENT 
LUNAR AND PLANET ARY INSTITUTE TOPICAL CONFERENCE 

PROCESSES OF PLANETARY RIFTING 

December 3-5, 1981 
San Francisco Area 

CONVENERS: B.H. Biker ind P. Mor|in 
SESSIONS PLANNED: 

1) Speculations as to the origin and development of rtf Is 

2) Constraints on r\}t evolution ■ setting 

3) Constraints on rift evolution ■ geological development 

4) Constraints on r(fl evolution • physics and chemistry oj the 
lithosphere 

5) Resources associated with lifting 

6) Our state of Ignorance and to remedy 

Attendance will be limited to 60 participants. Send applications to attend 
with brie!, bul specific outline erf potential contributions to the meeting; 
include a provisional title I! you plan to submit an abstract. Abstracts 
should be submitted to Rill Meeting, Projects Office, Lunar and Planetary 
Institute, 3303 NASA Road 1, Houston, Texas 77058, USA. Deadline lor 
applications fa May 29. 1981. Further information may be obtained from 
Ihe above address, ot phone (7i3) 486-2150. 


Changes and New Listings 

The complete Geophyatoa! Year last appeared In the March 17 
EOS 

Bbidfacg type Indicates meetings sponsored or cosponsored by 
AGU.. 

1981 

May 4-8 1 3th International Ll*fla Colloquium on 
Ocean Hydrodynamics, to be cosponsored by AGU. 

. 4002 

May 3-7 14th International Ll*ge Colloquium on 
M Ocean Hydrodynamics, to be cosponsored by AGU, 
a..„ : 97 Ninth Annual Meeting of tha European Geo- 


" ^tiL twy>" 

AGU Spring Meeting 
May 25-29 

• Maps of Baltimore 

• Session Summary 

• Special Events 

a Business/Section Luncheons 

• Exhibit Information 

COMING April 7 


physical Society, new contact. J. G. Brlden, Department 
of Earth Sciences , University af Leeds, Leeds LS2 9JT| 
England. 


May 8 Symposium Commemorating the 150lh Anniversa- 
ry of the U.S, Naval Oceanographic plflce. Bay St; Louis, 

Miss. (L. W. Alston, Jr., U.S. Naval. Oceanographic Of- 
fice, N STL Station, Bay St. Louis, MS 39522.) > 

May 21-23 SCOSTEP IMS Assessment Symposium, - .; •; 

Greenbelt, Md. (C. T. Russell, Institute of Geophysics, ,i 
University of California, Lqs Angeles, CA 90024.) y 
June 1-4 First JECSS Workshop. Tokyo; Japan- Sponsor, ; v r .’| 




134 EOS. vol. 32. no. 13. March 31, 1981 


Tsukuba University. (Takaslu Ichiyo, Dept, of Oceanogra- 
phy. Texas A&M University. College Station. TX 77843.) 

June 29-July 1 1 Seminar on Fluid-Dynamical Problems in 
Astrophysfcs and Geophysics. Chicago. Ill Sponsors, 
American Mathematical Society. Society for industrial 
and Applied Mathematics. (Meeting Arrangements De- 
partment. American Mathematical Society. Post Office 
BoxG248. Providence. R.l.) 

Aug. 20-21 Second International Symposium on Comput- 
er-Aided Seismic Analysis and Discrimination, North 
Dartmouth. Mass. Sponsors, Electrical Engineering De- 
partment, Southeastern Massachusetts llniverslly. IEEE 
Computer Society, IEEE Acoustics. Speech and Signal 
Processing Society. (C. H. Chen, Electrical Engineering 
Department. Southeastern Massachusetts University, 
North Dartmouth. MA 02747.) 

Aug. 31 -Sept. 2 Third International Colloquium on Mars, 
Pasadena, Calif. Sponsors. NASA. Lunar and Planetary 


Institute, Division of Planetary Sciences of the AAS. 
(Conway W. Snyder, Jet Propulsion Laboratory, Pasade- 
na. CA 91109.) 

Sept. 28-Oct. 10 NATO Advanced Study Institute on 
Chemistry of the Unpolluted and Polluted Troposphere, 
Corfu, Greece. (W. Jaeschke, Center of Environmental 
Protection, University of Frankfurt, Robert-Mayer-Str. 1 1 , 
6000 Frankfurt/Main, FRG.) 

Nov. 9-1 1 Special Conference on the Mechanical Behav- 
ior of Sait, University Park, Pa. Sponsor, Rock Mechan- 
ics Laboratory, Department of Mineral Engineering, 
Pennsylvania Slate University. (H. Reginald Hardy, Jr., 
Rock Mechanics Laboratory. Room 117, Mineral Sci- 
ences Building, Pennsylvania State University, University 
Park. PA 16802.) 

Dec. 3-5 Topical Conference on the Processes of Plane- 
tary Rifting, San Francisco, Calif. Sponsor, Lunar and 
Planetary Institute. (Rift Meellng, Projects Office, Lunar 


^Planetary Institute, 3303 NASA Road 1 . Houston, TX 


Jan. 11-14 Symposium on the Understanding of Hvdm. 
logic Processes at the Basin Scale. Caracas Veni.uL 
Sponsors, Universldad Slmbn Bolfvar, IAHS ‘(lonadn 
Rodrfguez-lturbe, Universldad Slm6n Bolfvar AnS* 
Postal 80.659, Caracas 1081, Venezuela.) ’ P 30 
Mar. 22-26 International Symposium on Hydrothermal 
Reactions, Yokohama, Japan. Sponsor. Tokyo Insiliuia 
o Technology. (Shlgeyukl Sfimlya, Research Laboratov 
of Engineering Materials, Tokyo Institute of TechncW 
Nagatsuta, Midori. Yokohama. 227 Japan.) ^ y ' 


GAP 


Oceanology 

Volume 19, Number 6 , 1979 
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5720 Intirutlons bitwtin wlir wind and Befuto- 
aphir* 

A HIGH TIME RESOLUTION STUDY OF IRTERK.METART 
PARUETEI COSRELATron WITS K 1 

S , i"'.f , « ,r . Wnlv,r,ltT of «■»*«■. Loa Mmi 

aeuntiria Libor it cry. Loi Use, HM 875H> E. 
W. Hgnii, Jr,, J. B. Piynt, and V. C. Palfeaa 
Ualni tha aarlfr-orbUlni apaaaerart IMP -8, ua 
hava parfanied a high blea-raaolulion (2.5-ain) 
ft. I, thB . lloB,r area a- corral at icaa of a Qua eh 
‘ 11"" Indloalor or aainitoaphirla subalorr 
■oblilty, tha auroral alaotrojat Ul) Indax, with 
ati.nl lnt.rplinal.ry <l Pi parwatara. Tha 
praoiol atudy isoludaa all avatlibla aatalllta 
data (froo an eliht-aonbh porlodt rathar than 
1 «■» "-Kir or subatom aronta, or a 
"‘‘ ‘Vi* M|U1 "«l»r of ohoian dayi. Prior 
publlahid atudlaa Hava au U aat«d that gacBacaatlo 
activity Is ralaud to a varlaty of aolar rind 

auM?? ,r Vr lrtnd <Vl! north-aouth 

oagntlo field eepanont II >{ total interplana- 
tary a.gnotio Maid flBFf atraa|th (B)i and 
various omblnatlona or thaaa par«atara. Vary 
recant ly, a now porno tar, c (a VB‘iin'1 |/2)i •), 
bos batn iug|oaltd a« a aU p, r ior pr.dlolor 0 or 
oubotora ooLIvlty. Tha other sojor proferrad 
oorriiator with saoaagnatlo activity la VB 
whwa B is the oouthvard IB. < 0) oaasonaat Sr 
tha WF. Substantial dlsauosfon hai enauod as to 
which pirnatar la tha -baat« pradlotor of aub- 
ff."™ «otlvlty. Tha preaant non-aolaellvt, 
hlgh-r.iolutlon analyala reveals that fB iiih 
* ^ gh,r P* ,k correlation than a 
'• 0,M> - Both piraraetara raeoh a paalt 
oorraiauon at tha mi lag ttsa {with AE l M |lni 
tha IP parnators by vOO Bln.), but VB alM 

rrnrn" ’’V* \ Prefarabla qualitative ), K 
proflla ihipe Tor AE pradletlon purposes. 

Gaophya. Rob. Lott.. Payor SDL 1817 

5733 KagacE ic atom 
OS rut [OLE OF THE LOUEI -HYBRID- [>B I FT 
i notability in substobx dynamics 
J. D. Kuba (Sclanca Application*, lee. 

HcLti!,. VA 221021 H. T. Oladd and J. F. Draka 
PeceuE atudlaa of tha lower -hybrid-drift 
Lnaiatl llty have ahad aav light on chi rola of 
thla node in [|ald ranraad plasnaa. ror tub- 
atom aagnatutall condltlooa, wn find that tha 
lowar-hybrld-drlll Instability can aanatrata 
to ihe neutral lino and can dlBalpaca unnetlc 
“ ■ '«• ‘'b * * « 10” arg/aac. Thua, 
thla I na Lability la capabla of playing a ulor 
tola In the onaat of aubatona tad providing 
realatlvUy for racnnaeetlon pcocanaa tha 
cont.it of tha neutral Una aubatona nodal. 

Gtoph/i. Re,., Biu., Paper la 03 ^ 4 
v a-ne> rp iuBe 

•:n Tin i'i-jtiw Of the rw fop the eiiehqltic 

ncT^r. 1 l "'' FB AT 7KE ,OL4n 1 , «-V>n-'PA!'SF AND IT? 
PELATl'L .ITH WVNBTI- PE vr.ECTI- '* 

*■ ■•tpoca Silence Dvpar(n-nt of E3A, 

! 111,1 T> ” " - - ,h *rlar.Ja 1 V. fan Inn o and 

Thv eaiotei.ee of a |»er ef enorgatlc it30 keVi 

vlecirjna aLon a the nagnatypauan. «ai ending rTio 
the prlar tvnp ragisn «-. tha dintont vametotall. 
haa bean aatlbiiohad L, e.Mura-ianl. ,n v.rlou. 

Zr a !toe-en' P "' r:r, ' ,d * ■‘■”allc«l atudy 

oVilv ^ r “!! ? '■M.wa-Wti above 

?!* tj dirrerant ragirna of tt.e mg. 

Mtopa- „ accr. Bible hb:- 3- ?1 wlth , h , of “ 

el^ti ; fJr ,hl “ •’•gr.atopauan 

electron layer. Tha rr„n r ,ne„,, along the nlv 
ragnatatall ll.a. adj.iant to * h . plain, r.ntl", 

■ Inna the rid-IMttu* daya.de 

adjacant tr the dayaide plan'll baundary layer) 

irl llli I 1 - .* * polar cuap and in 

the entry layer! hava haen neparately analvaad 

! .2 f .: 1 * e :: w T, ,r " ih ' ••wwr* « n b . 

aacliled as a aiRnlficant source for Ehe tall 

nagr.atop.ua. layer 3n ,h, be. la of thi ob.erved 

Intenaltlaa. of the ore: Era and or the frequency 
appearance of alecercnn outeida thoae regnato- 

""J’t “ h : eh “• -J««t » tha nutSr trep- 
p electron mtenauiea in «„ .*t. P , SP 

?hi ryrthV ?r n "" f0U ''' 1 l ° "■ "".lated with 
the rirth.aonth cirpyr.anL 0 f tha Intern Unetarv 

aoS : vM ,I r r i' , n H, ‘ h ,nlen '>»*y lave la are ob- 

an l l-/ 11 Jl r '" -’ 1 -•■uth-ard IB CO] , 

!b » ru t', , ? lh * ,l ' r ' northward*" 

-?r.n ^ M " ': r T n * n lh * *' tBp l »r cuap 

ri* 

^ - n^nw. 

v;;: 1 '*; •• 

ar-r- !« -^r.::^ ITtVTr l'' '' ' u1 " " 

J. Uesphya. Kaa. , Blue, Pip nr 80.11719 
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Separates 

To Order: The order number can be 
found ai the end of each abstract; use all 
digits when ordering. 

Coat: $3.50 lor the first article and 
$1.00 for each additional article In the 
same order. Payment must accompany 
order. 

Deposit Account: A minimum ol 
$10.00 may be placed on deposit with 
AGU for the purchase of separates. If 
funds are on deposit, the cost of the first 
article is only $2.00 and $1 .00 for each 
additional article In the same order. 

Separates will be mailed within 3 
weeks ol journal publication or within 10 
days If ordered after the journal has 
appeared. Separates are available for 
purchase for two years from date of 
publication. 

Copies of English translations of arti- 
cles from Russian translation journals 
are available either In unedited form at 
the time of their listing in EOS or In final 
printed form when a journal Is published. 
Tha charge is $2.00 per Russian page. 

Sand your order to: 

American Geophysical Union 
2000 Florida Avenue, N,W. 
Washington, D.C. 20009 


8, and flow 

valoclEy), The results show tha Ion acoustic 
. J* stablllied by the presence of vary small 
Mounts of cold plasma. For f«l, the Alfvft 
'* rou, " , ^ dominate over tha Ion acoustic 
mode when a sufficiently large background of 
??!' " P ,, !T a L 5 P^sent. The results applied to 
ue nagnetosphere show that the Ionosphere plays 
an Important rvlo In determining the type of 
""S that are genera Lad by a sheared plasma flow 
and indicate whether the flow boundary is unstable 
to the Kelvln-Helmholtz instability. 

J. oaophyo. Am. , Blue, Papir 1A0190 

»5S Plasma Instabilities 

SIWJLATJONS ON LOUER-HY BRIO- DRIFT INSTABILITY AND 
RESJSTIVITY IN MAGNETIC NEUTRAL SHEET 
notohlko Tanaka (Geophysics Research Laboratory, 
University or Tokyo. Tokyo 1 13, Japan) 

Tetsuya Sato 

An Investigation on nlcrolnsubll Ules in a 
Held- reversal plasma Is made by using a 2-D 
magnetostatic particle coda with Intent to apply 
i ;™, 1 ]J a S nB t<>sph*r1e tall, Tha reversed magnet- 
ic field Is provided by the electron and Inn 
diamagnetic currents, end the Ion temperature Is 
assumed to be higher then the electron tmpera- 
tura. It Is observed that a Mule Instability U 
generated In a local region with a steep density 
gradient apart from the neutral line; tha frequ- 
ency Is about the lower-hybrid frequency and the 
wavelength Is roughly the electron Larmor radius - 
The observed dispersion relation suggests that 
tj»1nsUbtl tty must be the lower-hybrid-drift 
(LHD) Instability. The Initial diamagnetic 
current rapidly decreases In association with 
formation of E • B electron vortices, and simul- 
taneously particles are accelerated on the neu- 
tral line. In the magnetic null region where the 
plasma beta Is extremely large, an unstable 
electromagnetic mode Is observed to develop in 
the nonlinear stage or the LHD Instability, 
whereby the magnetic neutral line Is darormed 
into a meandering structure. Anomalous resls- 
tlvliy and plasma transport are observed during 
the evolution of the LHD Instability; It Is to be 
noted that even on the neutral line « small but 
rin1le resistivity is generated. It is found 
that the resistivity q increases as n - 
j dl' f thl ) 1 where V H1 is the drift speed of 

loill alia V|m Is the l8n thermal spaed. 

Besides, Significant electro heating Is observed 
around tha neutral line. This process msy bo 
relevant to electron heating in the neutral Sheet 
of the magnstoUl 1 . 

J. Caophys. Ras., Bluo, Taper IA023S 

3740 PI h bbs motion, conviction, or circulation 
RELATIONSHIP BEYWEER ENERGETIC PARTICLES AFD 
PUBHAS IN THE DISTANT PLASMA SHEET 
B. T. SarrU (Polytechnic School, Tha Ualvanlty 
of Thrace, Xuthl, Qnaci), S. M. Krlml|ia 
(Applied Physic* Laboratory /Tha John* Hopkins 
university, Laura 1, Maryland 20810), A. T. Y. 
tul, R. L. Acta ran, L. A. Frank, D. J. Will lama . 

Hrnur aunts of Iona from three dtffarant 
Instnaaata oa tha 1HF-7 and B apacacrafl ara 
coablud to yield the dlf reran tial . aoar|F 
spectra at Iona over the entire energy rings 
at ' 100 eV to 4 HaV In the sarch'e dlataat 
>' 39 to * 40 R_) pleema aheat, Thaaa apaetta, 
abtalnad during Clue of relatively small' bulk 
Mow velMltlai, span tha lotanalty ; rmg* • 
f tom « • 10 a to lC 5 (en a*e Sr ka9) -1 , varying 
leoothly over tha ant Ire eaargy rani* both vhaa ; 

. the plasma la ecu (- 1 ■ ka?) and bet (' » 
keV). Overall, the > aha pa pf the •paettum . 

•' * ' Xs»«UtM. hut with e jhlgb anargr ; 

J2y«W) tell daaerlbed Well by A poV** l* v 
)• ; The Ugh energy tall la displaced 1* . 

* PS.rolUl fpahloo to higher or. lower lotaual- 
V t ‘ ,B “haa^tha plasm, ta hot or cold) rappaa- 
""Jv.F'hriUHi.lillau the Harwell! an 
«« fha power, leu aoeiire aL E • (y +1) kT. tt 
J* lend that tt* energetic particle populating* .• 

• In the'.tplgana- aWec ’ appeal ,co bo diffetlT 
. ; “Ts.fad toLitba^ eaani'ihmrmal enarglea. at thi 
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rtFrCT^OrCHAWE^XCHANGE ON THE DISTRIBUTION OF 
inWKPHERIC IONS TRAPPED IN THE RADIATION BELTS 
kIrsthchrmous ORBIT 

, L „ns (NOAA/ERL/Spice Environment Laboratory, 
taildar. CO 80303) and T- tonre 
Trapped Ions believed to hava been Injected di- 
rectly Into Me radiation belt* from the ionosphere 
ire persistently observed near synchronous orbit. 
Lfyar, there Is en apparent Inconsistency between 
die composition of the trapped Ions observed near 
Mick ramus orbit and that observed at lower alti- 
tudes of ions flowing upwards from the Ionosphere. 
Tha upf loving lonosphorlc ions are dominated by 
ui „|th a significant but lessor amount of 0*. 
vhilo the sh) 1 pitch angle Ions near synchronous 
orbit ore dominated by 0 f . In this paper, wo show 
■hat Ion loss from charge exchange with neutral 
nydragtn Is a plausible cause of the differing com- 
position at low and high altitudes. En addition, 
m find that such charge exchange can simultane- 
ously account for minima near 0* and ISO’ and nax- 
fni near 1 5”- 20* and 160’- 1 45* observed In the 
altch angle distributions of the trapped Ians, 
j. Ctophya . Re*., *lu«, p »P ,r 1A04J9 


J7M Magnmtooihecic radloave pcopagotlcn 

CF ion CBAYH3 RADIO BODES IN 

ruv ffjpOPMj SKE 

u H . Fceymwi (loo Alania National Laboratory, 
leg [lan, M B7545) 

A tilgh-Latltuda, earth-baeed high Cregienay 
I9.VBS) radlartve baofcaootta Lachnlquo Ear 
ths csal-tlM dotmaticn of LOig Delayed Echoes 
mb tasted at College, Alaska. Over 2000 afpar- 
mit ITS ware detected and ceaocdod from 15 to 
22July> 1930. 

A positive corral at len was obtained ba tween 
Ua rusher of reflections pec unit time and the 
potable antcy at enhanced eoUr plana Into 
tta aagnotoehcra anVor local disturbed mag- 
ratlo conlltlin. Tha nudee and paths tv which 
tha signals propagate an yet to be estab- 
lished. Homer, regardless of their origin, 
tlm edues um bo be genufns and those obaar- 
viticna are therefore unique in the Btuly of 
U8 radicueva pccpsqatlcn pheraac oology. 
[Badlcwsve propagation, latg delayed echoes, 
ugnetoaphira, aolar plasri.l 
Cuphya , Raa. Lact., Eapac IL01L6 


JI80 Wave propagation 

FCU8IZAT10H CHARACTERISTICS OF HYDROHAQHEIIC 

WYU AT taw CE0MMHIETIC LATITUDES 

L. J. Laaiarottl (Ball Laboratories , Murray Hill, 

B.J., 07974) L. V. Medford , C. 0. Maclannan, 

I. Kiaagaua, H- H. Aouna, and S. E. Dolce 
A Maid cupilga, using thraa nagnatoBacer 
■Mtiaas ipacad la Latitude atound tho equatorial 
ugaerlc field diatanca Lri.9, was couductad En 
firly 1979 to invsitlgata tha polarlaarion charac- 
tirlttlee of brdroaagnatle waves at low geomagnetic 
Inltudsa. Tbs aagneclc puliation* ara obsarved 
l) have ptrloda in tha rango i2D-25 sac and to 
Ktur prlaarlly in tha local aoraing hour*. Sta- 
tlltlcally, tbs pelaclsatlonl at all three 
nations were predominantly left-handed is tha 
local Earning hours and right-handed la tha 
le:*l aitanoon, At tha highest latitude station 
(Li2), the orloatation or tho major asEa oE the 
pUrLialioB eUlpao changed from a predominantly 
®-Sf direction En the Local morning to a nixed 
r*'-5E7HE-SU direct Ion In tha altar naan. These evo 
itsilstlcil mult! ara consistent with the aaclta- 
tt'-n cf the vevae by tho Kalvin-Ualmholti lnacablllty 
it the nagaacnpiuaa. Hanover, Eraquant changan In 
phue sre often obsarvod In the magnotlc variations, 
shlch result En polarlution varLatlorw do the rlaa 
•csla of QlBuiea, a al tuition not readily raeoncll- 
rtle with tbs KalvEn-Holaholu Inacabillty, The 
(ilireoce of ths waves at vary low latitude*, 
(urthercara, placna constraint* on tha dsnplng 
nts of ext (rut lly-oxc Lead turf ace wave* loafde 
ft# EJgDacoiphara. Wa conclude that present 
ihurlel (or hydromagnaelc wives in the gaomagnato- 
iphiri can not readily incorporate all of thaaa 
L.S latitude raaulea. (Hydronagnet lc waves, wave 

Iilarixatlut. 

- -«pb)'S. Poj. , Bluo. Papor HOIV 


S»« Wave pro pegatlon 

KAORITOgFKZB IC PROPAGATION OF ALFYEK 
“ m rc t-S razquENCY range 

,r ^“-MsnBk-InitUut fOr Aaranomla, 
ri g.L^ } tBtl ‘ trLlnJ *° 3 ' Fk1>ci1 Hs public 

^El ia ihom that in the magnstobydrodynomic 
•JpiBxiaitioa, naglactlng prtasnra tana, ths 
taavarse win flalda In a unlEorn madiua with 
MIMtic (laid can ba darlvad fro. 

(m " “ fl!hlBJllou °l scalar potential of eha 

'* apaai^guldanco by tha 

itSJ fh. 11 ? 1- f* lh “ Forfaet. It La further 
ST li,t }? tb< r *y epproxlaatlon it roc a 

U l \\ “ «!■ “ dl “ tha 

IUl4 •" noc uniform providad 

["(“"I pirpandicular CO Chi magnatlo 
a.. .? 1 t,,, F«Mg*tlon vector la mwh graacsr 
of^b? « B *on«t. If tha raeiprucal 

* l i! 1 ,e,ll, on v hl*N the madia and 
“f jj ’'* r * *h*d eha ray approzima- 
O* a»,». ' f I 1 ! 14 1b Ferpandicular direction, 
tins " f ™‘ propagation 

taadi Lioaa 0 !! 1°** 1 1 fI,li ,r * 4«rlv*d tmdar thaaa 
«*««ly from Hawaii', aquations. An 

Ibeiel., a l ^* 1 ** * l, ° lh* 1 ' Thai* aqua- 
fw..- ^ rtia h* applied to sach parpaadicular 
•«id Foi? 0 "” 1 0C ‘ 4i«ar*ntly orl- 

B. , u ^j “praaoea pmptgaca differently. 

augacsd iletwhara in detail. 

■ »•*., Sluo. Paper IA0I8I 


Physical Properties of 
Rocks 

PBRHUSTLjiS^wA ,n,, r, «“ 

ssrasMi w s “ hult 

C. Korrev, L. Q, at, ^ j, Bvarlae (U 3 
^ay. Homo Park/c* gtiozsi' 
r. or Sn ‘ M ™“ 

«l»ral,. J, 

r »™siblltit« ringed batwain 
ra^huad n "^ a^oi,, for oonrining pmjurs* or ■ 

n«oS 1 bar " W 1 kb#r ' ,nd than I 

522JS?fi. f vnstuna Braatar than 1 kbxr. 

w oenflning praaaur. 

and dirfejmntla 1 atraaa, but did nsl dapand 
■Ignlfioantly on anauaulatad a train. 

... 15* , ‘ Lr,n 4 u ’ of ■ at u rat el 0 liy la ortnn 
attribriad to tha hilldsp of ex« M tort p„„ ure 

“ *■ Btr, *aad. These axperlnenta, 

parformad undar drained conditions shire axoaaa 
pore pressure use act orealad, suggeat that 

SlHI a^ d,d i? l,rlw,r " ,lBr in *>“ hydrated 
fanorale a p.eudo-por* pressure that 
■ervaa lo lowar the stnagth of the gauge. 

6110 EleaLicley , fracture, and flow 
S»X3(-1HKKED HlCMFSACTUREa IN SIX TERRESTRIAL 
IGSRXIS ROCKS CHARACTERIZED HITS DIFFERENTIAL 
STRAIN ANALYSES 

A.W. 6 log triad (Sullivan park, Corning Glass Macke, 
Corning, New York KBIOJ, n.a. HcOaeen, and 
a. SLqduii 

Sxnplol from a lulta of ten lav porosity lgnaoue 
rocks wars aheok loaded to low preaiuraa |5 to 10 
kbari, Thu irmclcesj were recovered aod anelyxad 
with differential strain analyala (DBA) in order 
Co charaoearlla tha aloronracka and thua datar- 
eiira eha influanca of Initial tuple propoctlaa 
and ahoak pulaa charaotarlaclaa on ehock- induced 
mlotocracka. Tho USA raaulea reveal tha roll ow- 
ing i The duration of a shock pulea la an lopor- 
eant parameter, those iscples that had boan sub- 
Jautad to a shock sf longor duration hid a higher 
poat-ahoek crack porosity. IE a sample initially 
oofttalna a high cwnantrat ion of creaks closing 
at a particular pressure, chan such a concentra- 
tion la alio prosant in tho post-shook empld in 
addition to a concentration of cracka cloning 
between 100 and JM bare which ia generally pro- 
duced by the shock protean. Tha shock-induced 
oracka in seupluu with low Initial rnck porosity 
oloea over a wider rang* of praaeuiea than tboeo 
in samples with htghar pra-ahock Crack porosity. 
NaLthar the grain alia nor eha high prosauro (3 
kbari crmprcaalbiilty or tho samples exerted any 
Influanca on tha poet-shock crack dlatrl but lone. 
Thua, eha distribution of crack poroalty with 
cloaura preaaura of aho:k- induced cracka roflocta 
only tha aback history end eha initial crack dis- 
tribution of * rock, (nlororraol*. aback wavae, 
differential strain analyala). 

J. Gaophya. Ran., Rad, Paper 1BD3H 


bllh Fleet lei Ly, fruioro and flow MMHIHE 
STIFFNESS APPROPRIATE FOR FXPFHlMFUTAL SIMULATION 
OF EARTHQUAKE PmVkSSF.5 H. VlkiwM, R. Mil? 
(Seitwlnlcel laboratory. CalitornU Inslllule of 
TechnolcAy. Peaadene. <*A. 91121. M.I. I and H. 

P. Tltlnann 

Lnedlnx nachlnr illffnoae le unMtrrd In an 
arrenpl lo alnulslr etrain accanwlal |nn processes 
prior in Eallurn In rarrhqunlte. Ur inpoia I 
alnilnrllv condition hriuoan .1 lab.jrol.iry ins' ml 
a nature) process. The romull shown |i>S| the 
approprleie rei to between the e'llfneencs .1 
machine and epeclnrn 1* l.% - J.T. fr*!ln|nin 

expsrinenti were curried nm willi sands ion. 
aanplcs. A f|,»Mtailve dlfferencn hoiwrrn 
AL'O'iSltc emission aonuanevs woe ohertwed deprndloe. 
n n uberl^r the mndlilons were similar nr 
dlaelmllar to tho wirrli baaed oa rim praline, 
naeunpilon. In l>iv fnrrnr cose, a inhai dunce la 
a.-«.ar I. nnln.lon ectlvllv nrfnr In |he r.,ln 
fr*rl'ir..« .an .n.1 s.'wtc all- 

(V.l If lae.v. xerwisllc (nleel'O. r«,M r!>vni il 
aln-jlallnn) 

Gaepbye. Rea. Larc., Paper 11.02 bd 


0140 Jacnetlo and electric nroj^ rtluB 
I TKJTRICAL H SlB71Vm OF £i< "A (■ .' 

HOOKO AT 11X011 Til NnOlIKM' W HAN”’ V Ml 
i .I.ftax&honanka(InBtltut of Hiyuloo .■£ 
ths i artli, 11) B.OruslDDkaya, '"o-ioou, 

UUCB) 

Ths dspsiriODca of alaotrloal rosioti- 
vlty of different uinoraia on tlielr ca- 
tion oomiMBltlon wlbiiln a fl .vlto toajwm- 
turs intorvol (up to 1100 C) la ohowr. 
(xporiisontal noteri-ila ore dononabrototf 
abowliri ths ohanisa of oiaotrloal re»ln- 
ClTltr of ■iinorala due to polyaorphinu, 
dolndrafelon uni .1 o o orb o nab lost Ion. A den- 
ariptloo 1 b ulven of oiq^rinontnl uitorl- 
al on renloblvlty of . oter-mturaLod ho- 
dlfflsntary »fwi aaf^atlo rocks 06 lil^h l>o .- 

f enbures (up bo :W 0) btrI iirooujroa 
up to 1,5 kbar). Tlie ohortobor or radln- 
tiviby dopaadonoa of different ^rii.pi: of 
rooko on btulr wiinsral and ofianleal ouo- 
poalbion ana on tholr f.tiuutjro ■ ndor 
aondltio&fl of hi ah Liir,rHHH3ym.ikWii p'ip — 
meters lo enalyoed (pNaouro, trrr-orfitu- 
re, nineral, rook, oonduatlvit:), uloot- 
rioal tcnir.blvlty). 

Bov. Oeophya- Specs Fbya., Paper 1R0279 


Planetology 


4S10 AiDoapheraa ol Flanora 
aMFOSITIDII MID THERMAL PROFILES OF THE JOVIAN 
UPPER A1WSPIIERE DETERMINED BY THE VOYAGER 
ULTRAVIOLET STEL1AS OCCULTAT 10(1 EXPERIMENT 
K. C. Faatou Elbe IkilvariLiy of Michigan, Alcj'a- 
pbulc and Oceanic Eclanco, Ann Arbor, HI 491D3) 
B. K. At coys, T. H. Donahue, B. H, Sandal, D. E. 
Slaaaneky and A. L. Iroadloot 
Occultatlon of ihe star Rtgulus -a Uo - by Ihe 
Jovian atccsphor* itia DonLtorad by tho Voyager 2 
specie raft on July 9, 1979. The absorption ra- 
eordad In tha 9IO-12D01 range via caused prlnu- 
lly by tha H^-Lyniui end (lamer lands. Thaaa 
data provide the first coopiate esieu recline a of 
atuospharlc do nelly end temporilura prolllae bo- 
Ivien 330 and 83CAm abovo the aa&onla cloud tops 
Tha molecular hydrogen donalty 1L JSOkm la found 
to ba 3*f alG 1 ’ rm-1, where tha atmospheric ttap- 
■ratura Is 200DDX, Tha thermal gradient atom 
SHte alt Ltuda Is Isund La ba apptaxlaataly IK 
ta" 1 to reconcile tho eta liar accuLtaeton dais 
with the Voyager I solar occuliatlon data for tha 
axaephtra, Both eepurlaoulB ware perfonaad la 
tha aquaurlal region. Tha observed tompaxaluto 
gradient In Lhs upper atmosplar* tulaa out inu- 
tla gravity wave propigatloD as tho primiry 
heating aachsnlea, thi halting met ba eauacd by 
oua or many of ■ host or other potential sources 
auch la magnetoapharic electrons (soft or hard) . 
Joula hut lug end even aolar axtrema ullrsvlulol 
ndlatLoa. The data do not praeont a strung 
argument In Eavur of an asrlhllkn oaaopauaa on 
Jupltar. The absorption in tha 1250-lADflX rings 
ylalde yoluma mlalng ratios ol nnthena and it hi ns 
of ».sy a lo* 1 aad 7. 5+3 -9 xiCT S rospsc lively at 
a height" ol Jlii* itcvo the snocnla cloud tops. 
An upper limit of 2.5x10-6 for tha mlaing ratio 
of acetylene bee barn found at the altitude of 
340km. Tha Voyage r Infrared data yield mixing 
ratios of thtsa hydrocarbons aod Ol^ daapsr In 
thn alratoiphnrs. A study of tha density pro- 
files of ths hydrocarbons deduced from tbs e tel- 
ler oteultatloa data yields a valuo of thu eddv 
dUIuelon egafficlent at tha henopnuae to Is 
*’*-P-f ll *'° C-1 1 ln th " «qoi*orlal region 
Which la conaistont with ihe veliia deduced (roa 
tha hydrogen Lyssa alpha and helium J84Aealnloa 
data. Decs] led esroBoalcal leplUalluns of I ho 
results aro discussed olnswhsio (Mre*i, at si., 

1961) . 

Ji Coophye, Rae., Bluo, Papor 1AOI39 


bVIG Airosplieres or plon.,1 * 

SmilEF-EJECI loN OF HATTFR FA'"W M. 

P.K. Hoff . C, r . Ujtoon, .wid Y.t.lwf , >. . ■ 1 l , ^ 

Rill cl Ion Eon, Caltech. Pasadano . C» qitP'i. 

A Flue or lull rnergy Z uns Incident an fo la 
estlmaled to precise -Ji in 3 atoms cu - * a" to 
tho 5 torus from splittaring i.f a dors Me 
otnospharo ultn .in eiobnsr at n fuw nimlrcl Ire. 
If i:» and F aro present ,n th' il-"ifh*rf at * 
concentration I evil of It. tha c.irrnap-.n I |ng 
rpjjllerlfg ratos err r.iKul 'll. ) to I ■» j fw llr», 
lfi on"* » . 5; ,1 taring .-.-.n alert um,. h.-.e.y 
RilaculOB 1 Hr 3 Iron th' *lr.,»pl.«-r,- . Al nltlii 
dir ret ap'iltrrinf or Mm unpro'-vtc-l n*irf..co |j 
r.lculatc-1 in f]M r nil 'iitli ccni,i'ntr.>t.)..n) 
rated Riven by *li. ,.|>J 'III r.n"* , 

respacl ivriy. 

J. I'cuphve. Res., Blur, Paper ItOi'ff 


Seismology 


BIRD FhauOaaBl rale tel to earthgueha predictor, 
■atm SOIL-GAS VARIATIONS ASSOCIATED WITH RECENT 
CfZFTUL CALIfOUIA ZARTHQUAElSl PRECURSOR CO 
OOIIC IDERCII 

C> K. lalmar (D.S. Geological Surra/. Denver. 
Coloreds B022SJ 

Decraasse ln the helium concentration of 
■oil-gee heva ben obearvod lo peacode ala of 
sight (scant centre! California sarchgusks*. Ten 
am I Cor log atatloea vara aactbllahed Base 
Rjllletar. Colllorole ml *1 n *ha AnJreei 
Fault to panic |U collection- The decs showed 
deerassas occur r leg a lav make before the 
siTthquakaa aad Coocaatret lom rate mad to 

pr equate lavale either ehorily before or altar 
tfaa eerthquakse. ftarlh quake, soil-gee aad 
helium). 

6 laybys. Xu, Lett,, Fapv 110)61 


t9-0 Fhcnoa.na related to akrthquila prediction 
RADON EARTHQUAKE PRECURSOR SEL'DIEd lH ICELARD 
E. Haukeeon (also all Dept. Gaol. Sci.i Csluabla 
University) 

J. G. Cuddecd (belli all Limoni -Debar ty GeoloRlcal 
Obeervatory ol Columbia University, Pallaadce, 
New York 109411 

Discrate lemplae of geolhartiel valor bene bean 
col lac Lad from e natvqtk of nioa atatione for 
a oal ye le ol redoa (*n ii 1 content. Tha aiapling 
network coseietei of walls that Tanga in wellhead 
tamperaturc (rm 4B*C to lOO'C. and tha deptba 
range from 38 m to 1338 m. Tbs eampltng frequeacy 
■i aoet atatione was about once par weak aod twice 
par weak al the nation Fludir. Tha walls arc 
either a r tee len or pumped more Or lees cantinu- 
auely- Tha matvark covered two regions of tress- 
form faulting in Iceland witb aawin stations lo 
tha Southern Iceland Seismic Rome (81SE) and two 
■ tat (one In northern Iceland ia Eha TJotmaa Frac- 
ture Zona ETFI). During 1978 sad 1979 11 viral 
email nui ehengee In radon content ware obaerwad 
to priced* etna of tha local earthquake!. 

Criteria bleed os tec tonic regimae, a magnltmde- 


Jlacance relationship and Urns clustering uen 
applied to select a mat of 2} marthquakoe that 
could ba eepactad to ba preceded by i radon 
Tht magnieuda of thaaa oarlbqualsa 
ranged hctwvcn 1.0 and 4.3. Bach ol Ihe 
23 earthquakes vie ullhin tha dietanca range of 
cm or eura etatlcn* auch that altogathar 
51 potential observation! of posaLbLv onnaliva 
“vie available. Tha method of analyeie applied to 
tha radon niwl aarthquabo data cone l a tad af (dan- 
ci tying redan ennallai In rotroapact, and 
■maultsd dti nine precursory anomalies, 48 raeas of 
failure, to nbafrvo an ancaaly, and aewan falaa 
alarms • 

Tha probability af obeerving radon anamalioa 
bafora earlhTiabee with magnitude* betuvic 2.0 and 
4.3 (the large et avont obaarvvd) was found lo ba 
approximate ly 691 baaad on a weekly sampling rata. 
In thn 8IBE, five out af eight ear ihqualea fH > 21 
wars preceded by an nnamaly. In two cases, mam- 
alias warn obeervad at two different scat lone 
pilar to tbs lama earthquake. Tha anna el lea 
appeared to occur farther away tor larger earth- 
quake magnitude. A a aguiclud* that divides eha 
BI9Z did not even to atfacl ths occurttnc* of 
radon anneal lea, but the aaplicuda of a name He* on 
tha seel aids mem larger Chan tha oars oa tho 
wait a Ido. Ilia duration timca ol tha anaaaltaa 
ranged frras 17 cm 37 days. The large maker of 
(allures to obaarva an anomaly Indicated that tha 
occurrence of an ancMly was ura strongly Japan- 
dant on local conditions sad earthquake pursuit on 
thin di stone* botwaen apitoolor and radon Italian. 
Borne stations also appaarad 10 be loss aonsiclva 
than otbara and thrao stations never shovsd an 
aacmaly. During parlodo of bursts io local ssii- 
mlclty, some statinns reflected HI atlnet Italy 

larger background fluctuations, which h umpired 

tha corralatdon of xhe seiaeicicy with the radon 
data. Kaat of tha false alarms war* related to 

disturbances esutod by things a in wall operation. 

In tho SISE tha high ralo of failure to ofaosswa an 
anculy and the occurrence at false alum woo 
partly compsnastdd for by operating a daoin rat- 
w.irk of sampling otations. Veils rhot os* uttl- 
i rad at modarale (low rates ara lesi likely to 
ahav folio alarms than wells util tied al high flow 
rats*. Halls situated close to rock format ions 
rich in radioactive minerals may ba more likely to 
■how anmalias than ulhsrs- I Earthquake predic- 
tion, radon anomalies, grouBJuater, iivlharaal 
walla). 

J. Gatiphya. Fas., Hi-.|, Flpsr LBiV.37 


l.7d r . Inlnrlnr-. nl planot* 

HvAir.lTstl Or >>[ AT C«| I0| A (IfnANI r .'« 
AU'idlls', A Till Ta: 1 I Tlvl^lh .fPI 
Irwni^A. iJ'ilolllv iLsipqrtwin.1 ■>! Larrn . ms 
I'linolar, Icloncst, Wxinlnqfon IlnlworilTf, Cwjul 
>»-. IIM, Tt. Itulw, Ml fill Ml anil Geoffrey f, 

nivloi 

Thii prnJIcMun of h|p* rslai rvf Mdii energy 
Ji'.'ilpitl'in in lo. Inf rare! radiance ncsurt'ain't, 
and k.iteq-ir nniorv jfl on* ol volcanic foaturae 
i'"l a-tii.u pi'j-m all sugqe*> ivit lo ha* a largo 
*.urlec„ rn.it flow. Fn Particular, l*rli»bsl«1 i° 
<-v' iiurei-anr| indlcete a swrfar 0 host flow of 
.i»"».it J ww, Given tnl* nest flow value, a 
p irvl y -o«-1«iet |y», r»if ton-rail vd qlllcofe llfi.o- 
kpnorii would hive i tl. Ic‘-»as v on fhn nr-ler of 
'• ir ( lh., -inpti. .if ri.,» |r."K)' (Vithiirnl, lUwQv.ir, 
'■•u nruscni'i of njvnljilno aim rr>l lof of 10 In nr 
n.rv Wi'uld '.9'WI to Jiir-WJ a thlrw 1 1 1 rv.if>).,re. |t 
'•v* i"*ellv, wnlrtwn cnti-nos thu -i.',ntel"i aro 
J. '• »n, c l"etures. » rr Jal I* crosnntn.l In whl 
■1 Ll 1" I * leant psrt of lo’-, n<jlt *lr.» I* lran*r-jr- 
tO'I w.j -j -li.e-r I, n throuin I c o i ■ Tnv 

rn-M I peri. I *i j Mioorot ICdl I , uhllnllej I I •*<■- 
str.nr:.- fPicwn-j*-., al'POi^n In roallty trn thlet- 
rev% ii rir.)t.NM. I ini to-j t, |p,j ol’lclercyuf 
ni i”N 'ran^tirt rr-rnugh B fP|.;« I ■ Mosshenj, *-|- 
.e'tl.e rjtnj onilntant »I|-. n ■ I thnjpnerl: 
thlr* n, *ie Of 9' -n or iiredtnr -lo ra* lboeer t> to 
vires 91 nfl- in o« tnu Palin ol VOyDT*r da'e, 
n 'Y*ICC-C"»ni :*l Djra-»f|ri of IP® rjyil her 9'J 
cinefralpa-i t, s.i^oc • I «o r.ojt lie *rq resur- 
facing ratw. 

Geuphy*. Pei. Lett., Paper IL001Q 


MlQ S't'i'lnrc cf tli* VT'int and nppet — mile 
SGBDLLl l* <M OF IHE h.UCA FlAlf BE2IEA Til H*l ILi 
DETEWlfiED FICS bEIGHIC 0B5ESVAT lu.NS 
Akira hasayawo and I. Selvyn Sacks, Ibspr. of 
lertcatrfa] Magnet Iso, Carnegie Institution of 
Wash., 5241 Bread Drench Pd., S.U., Vue. D.C. 
200151 

A detailed ta- Invest I git me 6 f ealeaulty In 
thr acjthern half of Feru uelng data from a 
local seismic eecwosb and a does] aschsoUm 
study using F wave first eoslons reveal that 
Tot the first 100 ka of Jeecaat , the slab (as 
daflnwj by thla sefsolclty) enters at a eotmal 
dip angle neac 30* , and chat below this depth 
it le tent to e riser ly hoxlxoataJ angle. This 
hurl ion tal slab as tends aaatwarda for about 300 
ka. end than dips steeply balmt the thick 
concLneatal lithosphere. ScSp obeervaefese 
ara round to be conntatant with the proflla of 
tha eubducelng plain aa dalerninad fiom the 
local aeleplcEty. 

Beamath tbe teg Eon from southern Fan, to 
outt hens Chile, the Hasca plats da stands with 
an aLmoet cpmacaat dip nugla (v30*J down to 
at least 300 ka dmpeh. Bmewsan the 3D’ dipping 
plate ia aoutbem Peru and eha horizontal 
proflla bsoesrh central Fatu, therm la a 
cost art ion over * EDO las wide continuous 
lateral sect Lob of thn subduct Eng Plata. Ma 
lefsr that, bl Lsaac R n ths uppmr ISO la depth 
rsega, the dtecendLag Hasca place In cantoned 
rather than torn, f seismicity, focal machanlaa. 
gcoeatryj . 

J. Geophya, Xmi., R«4, Piper L8DISB 


— Continuing the tradition of the expeditionary saga which sets 
forth, In rich detail, everything that Is seen or studied — 


Geophysical Monograph 22 r ™ 

Derivation, Meaning, 
and Use of 
Geomagnetic Indices 

by P.N. Mayaud 

bin* revIew » Wly testing the rella- 
ty of current GeomagneUc Indices. 

This book will surely be recognized In years 
to c °me as a classic.” 

^exander J. Deader (Foreword) 

•Fully referenced • 20% member dlscounl 
ha-k . ant ^ ln dexed '. Orders under $50.00 

abound list price $20.00 must be prepaid. 
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Phyttoal Science Volume* In the Serleei 

Antarollc Snow and Ice Studies (1 964) $1 2.00 
Geology and Paleontology ol ihe Antarctic (1 966) 
Microform. 

Antarollc Soil* and Soil Forming Processes (1 966) 
$10.00 

Studies In Anlarcllc Meteorology (1 966) $1 4.00 
Antarctic Oceanology I <1971) $22.00 
Antarctic Snow and Ice Studies II, (1971) $24.00 
Anlarcllc Oceanology II; The Australian-New Zeeland 
Sector (1972)532.00 ■ • 

Upper Atmosphere) Research In Antarctica (1 676} 
$47.00 . , , 

Meteorological Studies at Plateau Station (1 977) 
Available In mini-book format. / 

Write to AOU for your oopy of the exoltlng ' 
new Antarcilp Rekepreh Series oatalog 
featuring volume* 1 through 30. • . 
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